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New MARQATRON by Marquardt/Pomona produces 
instant visual read-out from high-speed processed data 


At the push of a button, any operator—skilled or unskilled 
—can read the answers of the fastest, most complex com- 
puters. The MARQATRON, an automatic data processing and 
display device from the Pomona Division of The Marquardt 
Corporation, instantly displays processed data in under- 
standable alpha-numeric and/or geometric patterns. The 
MARQATRON —an advanced version of the Digitron—opti- 
mizes the efficiency of the man-machine relationship pro- 
viding the viewer with pertinent information necessary 
to make immediate and intelligent control decisions, or to 
interpret any test or situation. Visual images are presented 
on a cathode ray screen. 

MARQATRONS are presently in operation in the U.S. Army 
Missile Master Program providing defense officers with 
surveillance information necessary to the deployment of 
all missile ordnance. 

A modified MARQATRON is being used on the Eagle Program 
by Bendix helping to determine the behavior of an experi- 
mental aerodynamic vehicle. 

The uses of the MARQATRON are limitless in the fields of 
data processing, display, and large scale projection systems. 
For detailed information on applications and new develop- 
ments contact Dr. Wendell B. Sell, Vice President, Pomona 
Division, The Marquardt Corporation, 2709 North Garey 
Avenue, Pomona, California. 


(A) COMMAND CONTROL—Visual displays for satellite 
tracking, defense intercept and missile training 

(B) AIR TRAFFIC CONTROL—Accurate positional data 
for enroute approach, ground control, and for identification 
of air traffic 

(C) PAGE PRINTING FORMATS —Temporary readout 
of multichannel data for visual program verification 
Scientists and engineers experienced in these or related 
fields will find it rewarding to discuss their career futures 
with The Marquardt Corporation. 
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Ali components of Vickers auxiliary power units are 
subjected to thorough inspection by skilled techni- 
cians following evaluation tests. New size of standard 
clement is shown being inspected following 40,000 
rpm cycle test, 





A. Battery-powered motorpumps developed for each stage 
of an ICBM missile. 


B. integrated motorpump for one of newest IRBM missiles. 


C. Integrated AC motor-hydraulic power supply for inter- 
continental bomber turret drive. 


Final testing, evaluation and assembly is performed 
in a special, surgically clean room. Thus, once parts 
are super-cleaned, no additional contamination is 
introduced, 
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TYPICAL AUXILIARY POWER PACKAGES DEVELOPED BY VICKERS 


ed on every type of military aircraft 
| airliner plus numerous missile applica- 
p performance from every Vickers 

r package. Either complete and separate 
g systems or motorpumps can be pro- 

: on specific application requirements. 
rmance evaluation—particularly on 
in often be provided even before the 
developed from proved standard ele- 

g up prototype units and subjecting 

y and performance tests. From these 
the ultimate custom designed pack- 
high order of reliability and requiring 
power—ali in a compact, lightweight 


is available in two new Vickers 
239 “Power Systems” and A-5258 
Write for your copies to either 
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SILICONE NEWS from Dow Corning 


Over-the-Weather Seals 





Silastic: Seals at Extreme 
Temperatures and Altitudes 


The new Convair 880 is designed to fly over most bad weather along 
intercontinental jetliner routes. So that its passengers can ride in air 
conditioned comfort, the cabin window seals must be designed with mate- 
rials that resist the —60 F temperatures and ozone content of high allti- 
tudes. That’s why engineers at Convair, San Diego, Division of General 
Dynamics Corporation chose Silastic", the Dow Corning silicone rubber, 


on 


as the seal for the more than 80 windows of the 880 Jet-Liner. 


Silastic is flexible and rubbery at 130 F and does not harden and crack 
when exposed to ozone. This permits efficient and long lasting seals that 
stay in piace... keep cabin air leakage and heat loss to a minimum .. . 
maintenance to detect and repair leaks is not required. 


And there are other exposed seals, too, designed with Silastic. For example, 
the Convair 880’s nose wheel door closes on a seal made of Silastic. Most 
rubber fabricators supply gaskets, seals, O-rings and other rubber parts 
made from Silastic. Why not investigate? 


New brochure—‘Silicones 
Solve Space Age Problems” 
Write Dept. 1012. 
Dow Corning CORPORATION 
MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND OGALLAG 106 ANGELES NEw YoRK WASHINGTON, D.C. 








AVIATION CALENDAR 


Dec. 26-31—127th Meeting, American As- 
sociation for the Advancement of Science, 
New York, N 

Dec. 28-30—Seventh King Orange Inter 
national Model Plane Meet, Miami, Fla 

Jan. 9-1]—Seventh National Symposium on 
Reliability and Quality Control, Belle- 
vue-Stratford Hotel, Philadelphia, Pa 

Jan. 9-13—International Congress and Ex 
position, Society of Automotive Engi- 
neers, Cobo Hall, Detroit, Mich 

Jan. 15-18—]3th Annual Convention, Heli- 
copter Assn. of America, Cherry Hill Inn, 
Haddonfield, N. J 

Jan. 16-18—Seventh Annual National Meet 
ing, American Astronautical Society, Dal- 
las, Tex 

Jan. 17-19—Winter Instrument-Automation 
Conference & Exhibit, Instrument Soci 
ety of America, Jefferson Hotel and Kiel 
Auditorium, St. Louis, Mo 

Jan. 23-25—29th Annual Mecting, Institute 
of the Acronautical Sciences, Hotel Astor, 
New York, N. Y. Honors Night Dinner, 
Jan. 24 

Feb. 1-3—Second Winter Military Elec- 
tromics Convention, Institute of Radio 
Engineers, Biltmore Hotel, Los Angeles 

Feb. 1-3—Solid Propellants Conference, 
American Rocket Society, Salt Lake City 

Feb. 14-16—Second Annual Symposium on 
Non-destructiv Testing of Aircraft and 
Missile Components inclassified), Sx 

Components for RVX 


. 

> 
cicty for Nondestructive Testing and s 
Southwest Research Institute, Gunter ae TOS ac e -* and TIROS Projects 
Hotel, San Antonio, Tex : by LAVELLE 








Photo courtesy Radio Corporction of Americe 


Feb. 15-17~—International Solid-State Cis 
uits Conference, Institute of Radio En 


gincers, Sheraton Hotel, Philadelphia Major successes in the nati: celerated space vehicle and missile 

(Continued on page 6) programs include precision s netal components made by Lavelle. 
Among these is the fabricat by Lavelle of the structure of the 
ither observation satellite produced 
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What's Behind This? 


a major advance in the state of infrared art 
by HRB-SINGER, INC. 


At long last HRB is permitted to admit openly their relationship to 
the revolutionary ‘““Manhattan Strip,”” taken with IR equipment 
developed at HRB-SINGER. The map-like image was photographed 
under conditions of complete darkness. Amazingly clear, accurate 
and continuous data of the Manhattan terrain resulted. 

IR surveillance equipment which meets military requirements, is 
continually being developed and improved at HRB-SINGER 
Although RECONOFAX, the trade name applied to HRB IR 
equipment has been employed primarily in aircraft, it could be used 
in other vehicles such as satellites for scanning areas several hundred 
miles wide. 

If you are interested in HRB’s outstanding advances in the develop- 
ment of new concepts and systems for reconnaissance, surveillance, 
and infrared detection—military and industrial personnel with a 
need to know, contact HRB-SINGER, Dept. I. 


ELECTRONIC RESEARCH AND DEVELOPMENT in the areas of: 
Communications « Countermeasures « Reconnaissance « Human Factors « intelligence 
¢ Weapons Systems Studies and Analysis « Nuclear Physics e Operations Research 
¢ Antenna Systems ¢ Astrophysics 


HRB-SINGER, INC. 
A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 
Science Park, State College, Pa. 


AVIATION CALENDAR 


(Continued from page 5) 


Mar. 5-9—Sixth Annual Gas Turbine Con 
ference and Exhibit, American Society of 
Mechanical Engineers, Shoreham Hotel, 
Washington, D, C 

Mar. 9-10—Second Symposium on Engineer 
ing Aspects of Magnetohydrodynamics, 
University of Pennsylvania, Philadelphia 

Mar. 9-10—Flight Propulsion Meeting, In 
stitute of the Aeronautical Scicnces, 
Cleveland, Ohio (classified) 

Mar. 12-16—Aviation Conference, American 
Society of Mechanical Engineers, Statler 
Hilton, Los Angeles, Calif 

Mar. 13-15—Flight Testing Conference, 
American Rocket Society, Los Angeles 

Mar. 13-16—Test, Operations and Support 
Conference, American Rocket Society, 
Biltmore Hotel, Los Angeles, Calif 

Mar. 16-18—Fifth National Conference on 
Aviation Education, Mayflower Hotel, 
Washington, D. C 

Mar. 20-23~—Intcrnational Convention, In 
stitute of Radio Engineers, Coliseum and 
Waldorf Astoria Hotel, New York, N. Y 

Mar. 20-24-1961 Western Metal Exposi 
tion, American Society for Metals, Pan 
Pacific Auditorium, Los Angeles, Calif 

Mar. 27-31-1961 Symposium on Tempera 
tur Its Measurement and Control in 
Science and Industry, Columbus, Ohio 
For information: V. W. Sikora. Inestru 
ment Society of America, 313 Sixth Ave., 
Pittsburgh 22, Pa 

Apr. 4-6—International Symposium on Elex 
tromagnetics and Flnid Dynamics of Gas 
cous Plasma, Polytechnic Institute of 
Brooklyn, Brooklyn, N. ¥ 

Apr. 5-7—Lifting Re-entry Vehicles: Struc 
tures, Materials & Design, American 
Rocket Society, Palm Springs, ¢ ahif 

Apr. 10 11—Spring Mik ting Western State 
Section / The Combustion Institute, Acro 
witronics Dy on f Ford Mot LA 
Newport Beach, Calif 

Apr. 17-28—l4th Technical Conference 
International Air Transport Assn., Queen 
Elizabeth Hotel, Montreal, Canada 

Apr. 18-20—Symposinm on Chemical Re 
actions in the Lower and Upper Atmos 
phere, Stanford Research Institute, Mark 
Hopkins Hotel, San Francisco, Calif 

Apr. 20-22—Gencral Meeting, American M 
teorologica! Society with the American 
Geophysical Union, Washington, D. 

Apr. 26-28—Liquid Rocket Propellants 
md Combustion Conference \merican 
Rocket Society, Palm Beach Biltmore, 
Palm Beach, Fla 

Apr. 30-May 4—Seventh National Aer 
Spa Instrumentation Symposium 
trument Society of America, Adolphus 
Hotel, Houston, Tex 

May 8-10—National Acronautical Electron 

Conference, Institute of Radio kn 
ginects, Miami and Biltmore Hotels, Day 
ton, Ohio 

May 9-11—Western Joint Computer Con 
ference and Exhibit, Ambassador Hotel 
Los Angeles, Calif 

May 22-24—National Telemetcring Confer 
ence, Sheraton-Towers Hotel, Chicago, I! 

Mav 26-June 4—24th French International 
Nir Show Le Bourget Pari Fran 

Sept. 4-10-1961 Flying Display and Exhibi 
tion, Socicty of British Aircraft Construc 
tors, Farnborough, England 
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VERSATILE METAL 
FABRICATION geared to the Southwestern space-age industries 


es of metal fabricating facilities 
Southwestern electronics and 

at your disposal a competent, 
gear cutting machines; flexible 
ays for all types of metal fabri- 


Youngstown’s Continental-Emsco Division has over 
336,505 square feet under roof, convenient to the 
air frame manufacturers. This fully integrated plant pl 
creative engineering and R&D staff; batteries of preci 
equipment for milling, turning and boring and spaciou 
cation and assembly. Plant quality control qualifies for MIL-Q-9858. Put this capable plant 


to work for faster deliveries .. higher quality .. lower cost. Write, wire or call today. 


METAL FABRICATORS FOR INOUSTRY 


CONTINENTAL-EMSCO company 


GENERAL OFFICES: DALLAS, TEXAS + P.O. BOK 359 * PLANTS: HOVUS }ARLAND, TEKAS; PASAOENA, CALIFORNIA 


A DIVISION OF THE YOUNGSTOWN SHEET AND TUGE COMPANY 





for every type of aircraft... 


GYROSYN COMPASSES -+- 


...the heart of precision navigation 


syn- 
chronized to the earth’s m field 

the Sperry Gyrosyn® Compass that 
revolutionized heading information 
flying when it was introduced in |‘ 
is still at the heart of precision aircraft 
navigation. Today there is a Gyrosyn 
Compass System for all types of 
executive and 


The directional gyro continuously 


ienetic 


for 


{A 
744. 


urcraft 
- military, commercial 
private. 

The Gyrosyn combines th 
of both a directional gyro and 


functions 


1 Magnetic 


compass. The differences in the particu- 
lar models—which include the C-2, C-4, 
C-8, C-9, C-10 and C-11 


weight, performance and cost consistent 


relate to size, 


with the application. 

The C-2 is the lightest and most com- 
pact system available, weighing only 8'4 
pounds. The transistorized C-11 incor- 


porates Rotorace® suspension to hold 
random drift within + 0.5 
hour in “free-gyro” operation on trans- 


As Doppler 


degrees an 


routes navigators 


polar 


SPERRY PHOENIX COMPANY, 


8 


come into widespread use, Gyrosyn sys- 
tems will be a “must” in meeting critical 
accuracy requirements 

Sperry has produced and sold more 
high-accuracy compass systems than all 


other manufacturers combined. 


orth 


TION, PHOENIX, ARIZONA 


URA 





Photo and unretouched x-ray show automatic pilot grip for B-58 H omber. Plastics fabrication by Swedlow 
Control stick assembly by H. W. Loud Machine Works, Inc. B-58 by Con Division of General Dynamics Corporation. 


This pilot’s hand grip must withstand 500 Ibs. fore and aft pressu Put these Swedlow 
skills to work 


lateral pressure, yet be light in weight. It must contain a handful « trical | 

8 on your problem. 
controls; over a score of connections—so it must have dependal rical | Write for full 
properties. Quite a problem. The Swedlow answer: an epoxy resi information, to 
two forms of glass fabric...plus an ingenious multi-step molding eet 16 
process to get the most from the materials. Result: a handle which 
fications, needs only one-shot machining. The techniques and prop: 
esses developed to solve this problem represent the most advanc« 
insight necessary for plastics fabrication today and tomorrow 


ne ke Swedlew 





The Avnet System 


creates a new Concept of Time 


27, as shown by the hands on the 


A normally expedient shipping time for your order would be 9 
Avnet System would ship at 6:18. The few hour difference (or few day difference) 
Avnet System. Avnet Standard 


other major source for 


clock above. The 
might not be crucial, But if time is 
Time and Avnet Standard Procedures ship your order faster than any 


an important factor, use The 


electronic components. 
This new Concept of Time is one of the many advantages in The Avnet System. Avnet maintains a 
U.S. Each engineer has his counterpart in a Service Center 


traveling the 
ivnet 


network of Sales Engineers 
Expediter. Tremendous stocking facilities are maintained strategically throughout the countr 
Avnet's 


maintains and operates complete assembly facilities for Connector Prototype requirements 


Concept of Time may gain you minutes, hours, days, money. Contact your nearest Service Center 


in The Avnet System, 


THE AVNET SYSTEM 


Materiais Management 


AVNET toh 
AVNET ELECTRONICS CORP 


Oh Westhur L. 7: Burlington, Mace 


Ca ci F i Dayt 


dvnet Ser * Centers and Stockir 3 ‘ re sted in I Angele Ca Sunny vale 
BENDIX SCINTILLA CONNECTORS, SPERRY SEMICONDUCTORS. RHEEM SEMICONDUCTORS, ELECTROSNAP AND HETHERINGTON 


Avnet distributes from its stocking facilities 
SWITCHES, GREMAR CONNECTORS. CLARE RELAYS. ROBERTSON SPLICE & CONNECTOR CASES, BABCOCK RELAYS, KING SUBMINIATURE HI-TEMP CERAMIC CAPACITORS 
TIC PRECISION TRIMMERS. VIBREX FASTENERS by GENERAL TIRE & RUBBER CO.. U.S. SEMCOR SEMICONDUCTORS, SANGAMO CAPACITORS, SPRAGUE CAPACITORS 


10 











| BEECH “IMAGINUITY” IN 


The new Beechcraft L-23F ... 


Meeting the U.S. Army’s requirement for a modern 
high-performance, low-cost transportation system 


Already serving the U. S. Army, the versatile new 
Beechcraft L-23F is the latest in a long line of high- 
performance training and utility aircraft which Beech 
Aircraft Corporation has designed, developed and pro- 
duced for the military services since 1932. 

With supercharged fuel injection engines, the L-23F 
combines high altitude cruise power with exceptional 


short field performance, rugged durability and low 
operating costs to meet a wide range of needs .. . as 
a command liaison or personnel transport, a carrier 
of high-priority cargo, an aerial ambulance, or a multi- 
engine instrument trainer with a “big plane” feel. De- 
signed and engineered for future pressurization and 
turbo-prop modification. 


ace Division projects ir 
manned aircraft; missile 
is 


Tams 
propellants and cryo 
ems; environmenta! 


BEECH AIRCRAFT CORPORATION @ WICHITA 1, KANSAS. 








CALL 


LIQUIDOMETER 


for imaginative instrumentation 
—electronic and electromechanical 


Liquidometer’s long experience in electronic and electromechanical instrument and control systems, coupled 
with the will and the facilities to pioneer, offers all industry unmatched measurement and control. 

Let’s talk about how we can supply imaginative instrumentation to support your full range of 

projects. Our ability in design, development, and production for a variety of applications in 

aero-space, marine, railroad, and industrial areas has already established Liquidometer responsibility. 

This revealing new brochure describes Liquidometer’s comprehensive capabilities . . . just write. 


ee 


- m—ecnemee Boot 


THE LIQUIDOMETER corp 


DEPT. T, LONG ISLAND CITY 1, NEW YORK 


SOWA prone qualily 


Sime 1920 





A radical new scale of values in space-time-terrain photogran 


developed by the Nuclear Research Instruments Division of Houston Fearles 


sional measuring, and automated processing of coordinates. The advanced 
at millisecond speeds and micron accuracies, enable intelligence specialist 
previously unattainable. The Ultraviewer, another key component of the W: 
and /nterpretation, increases the strategic, tactical and scientific significance 
of the Westwood Division's research and development team is reai time 


viewer and the 1Al system will receive immediate attention. Scientists 


programs will be given every consideration. Westwood Division, LH iz 


netry is created by the photo-electronic Ultraviewer, 
»rporation for definitive subject identification, dimen- 


»ctive/analytic powers of the Ultraviewer, functioning 


ake critical observations, analyses and deductions 

»d Division's |Al system for information acquisition 
otogrammetry. One of the most advanced programs 
ation for photogrammetr;. Inquiries on the Ultra- 

neers wishing to participate in these advanced 


Fearless Corporation, Los Angeles 64, California. 
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Johns-onville Announces... MIN-KLAD INTERLOK 


. ++ @ new structural system interlocking Min-K insulation and high-temperature reinforced plastic 


Missile experience shows that in certain 
heat control situations no one material 
will perform as well as two (or more)- 
an insulation with protective high-temper- 
ature facings. 


Problem is how to effectively combine 
these materials into a structurally strong 
unit? The answer is Min-Klad Interlok 


Y + 





Re sale. 33 


1) Outer facing, 2) Interlocking web, 3) Core 


any one of several Min-K formulations, and 


4) Inner facing 


All the above components combine to provide a 
custom-made structural strong insulating system 


14 


—a new structural system that interlocks 
Min-K insulation and reinforced plastic 
metal or other high-temperature facings 


The result: one product that gives the 


missile designer every advantage of high 


temperature plastic or metal foil 


strength, toughness, rigidity! Erosion re 


sistance! High heat capacity! 


plus the outstanding advantages of 
Min-K insulation 
has the lowest thermal conductivity ; 
able for service temperatures up to 2000°T 
higher for transients 


an insulating core that 


' 
iva 


steady-state, and 
Min-K’‘s thermal conductivity ts actually 
molecular conductivity 


lower than the 


of still air 


Wide range of facings 


For the hot face, the missile designer can 


specify Min-Klad Interlok in a wide 
ariety of heat-resistant and or ablating 
materials—asbestos-phenolic (ARP-40), 
and similar reinforced plastics, as well as 
stainless steel and other heat-resistant 
metal foils and meshes. For some require- 
the cool face can be made of a 
different material—for example, one that 
offers characteristics required for bonding 
or fastening to other surfaces and parts. 


Like all J-M Aviation insulations, Min- 
K lad factory-fabricated to 
your Specifications into external skin 
heat shields, cylindrical liners or 


ments 


Interlok is 


panels 
component housings of any shape or size 
Write today for technical specifications 
Address Johns-Manville, Box 14, New 
York 16, New York. In Canada, Port 
Credit, Ontario. 


JOHNS-MANVILLE 3) 








er ee CONVAIR 880 LUXURY JET-LINER 


take a tip from CONVAIR... 
save time...save money 
...simplify maintenance 


specify 


SHUR-LOK 


CLIP NUTS | 


(rivetless plate nuts) 


a oe .S. & Foreign Patents Pending 


SAVING: '400,000! 


Sounds fantastic, doesn’t it? Yet this is Convair’s estimate for substituting SHUR- 
LOK CLIP NUTS for plate nuts in the production of 61 transport aircraft. 


HOW IS THIS POSSIBLE? Since SHUR-LOK CLIP NUTS perform the same function 
as plate nuts but require neither rivets nor installation tools, up to 30¢-per-hole 
saving can be realized. Two fingers and two seconds are all it takes. 


REPLACEMENT? With no rivets to be drilled out, replacement is about a ten-second 
process. Saving here can be up to $1.00 each! 


Feel oi me) .4 CORPORATION + 879 SOUTH EAST STREET, ANAHEIM, CALIFORNIA: 


in Canada: Railway & Power Engineering Corp., Ltd., Montreal, Quebec + In Great Britain: Teleflex Products Ltd., Basildon, Essex, England 





SAVE MONEY 


SAYS THE CONTROLLER. 


By their own careful accounting, 
airlines have found that Bendix 
brakes combine economy with 
performance. Cost records kept by 
those airlines which are using the 
new jet transport aircraft equipped 
with Bendix brakes prove that 
they offer sure savings along with 
sure stops. 


THREE REASONS WHY 
BENDIX BRAKES ARE BETTER 


IMPROVE CONTROL 


SAYS THE PILOT. 


When 150 tons of aircraft touches down at 
jet-landing speed, Bendix experience pays 
off for the pilot in safe, sure braking control. 
This better performance is possible be- 
cause of the superior materials and designs 
developed by Bendix—world’s most ex- 
perienced brake manufacturer. 


——_ 


Bendix tv!s:0s South Bend, IND. 





REDUCE TURN- 
AROUND TIME 


SAYS THE MAINTENANCE CHIEF. 


Airlines cannot show profits on 
planes in the shop. That's why 
maintenance men prefer Bendix 
brakes for long, dependable service 
life. Every day Bendix brakes are 
proving more than a match for 
the demands of jet transport 
service. Dependable Bendix 
brakes help keep airliners in serv- 
ice, making money! 
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PEPE EEEEEEE FEE EPR rere ee eee bree ee 


Grumman 


Gulfstream 


newest business aircraft 
equipped with Kelsey-Hayes 
wing-flap actua‘ors 


hong This new twin turbo- 

prop business airplane 
carries up to 12 passengers in 
pressurized comfort well above 
30,000 ft. and at airspeeds 
exceeding 350 mph. 


Capable of operating from 

short runway airports, 
Gulfstream gets its wing flap 
action from a hydro-mechanical 
actuation system em designed and 
produced by the Steel 

Products Engineering Company, 
our division in Springfield, Ohio. 


SPECO, a supplier to 

the aircraft industry for over 40 
years, also produces helicopter 
transmissions, lightweight 
special hoists, precision radar 
antenna mounts, precision 
gears and gear assemblies for 
the aerospace industries. 
Kelsey-Hayes Company, 

Detroit 32, Michigan. 


KELSEY 
HAYES 
CGOMPANN 


Automotive, Aviation and Agricultural Parts 
Hand Tools for industry and Home 


18 PLA ohn’ Dareu and Jackson. Michigan 
‘onases and Sr 


Desenpert lowe, Windsor Onsarie, ‘Canada 








BASICPAC 
The Tactical FIELDATA Computer Designed and Built by Philco 


Basicpac is a rugged, mobile, solid state data processing 
system, being developed by Philco in conjunction with 
the U.S. Army Signal Corps for use in forward area tacti- 
cal situations. 

This unique development is directed towards an inte- 
grated automatic data processing system for the entire 
field army . in logistics, administration, intelligence, 
command support and fire support. Basicpac can be 
transported and operated in an S-109 shelter mounted on 
a 21!4-ton truck or operated from a fixed installation 

In the development of Basicpac, Philco made full use 
of the most advanced techniques in solid state circuitry 
and semiconductor components. The goal is a compact 
general purpose data processing system that will be 
rugged, flexible, reliable, easy to operate and maintain 
under the severe conditions of field operation. 


Commun cations and Weapo D sion Communications Systems 
Division « Comput v r sierrs ectronic Division e 


ent Laboratories 


3asicpac is capable of handling such diverse applica- 
tions as weapon-target allocation, converting raw surveil- 
lance and intelligence data into effective decision making 
forms and providing logistics and other administrative 
support activities in combat. 

Basicpac will be delivered in December to the U.S. 
Army Signal Research and Development Laboratory for 
final acceptance testing. 

Basicpac represents still another major achievement 
by Philco that will help to make the U.S. Armed Forces 
the most efficient and capable fighting group in the 


world today. 


Government and Industrial Group, Philadelphia 44, Pennsylvania 
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TAILOR-MADE 
RUBBER 
SHOES 

FOR 

WELL 
DRESSED 
RADOMES 


B. F. Goodrich erosion shoes are built 

of special tough rubber for maximum 
protection of expensive plastic radomes and 
antenna covers. They've been thoroughly tested, 
they stand up under long-term weathering, they 
meet low temperature flexibility requirements. 


Special fabric-backed rubber compounds provide 
the best combination of high erosion resistance and 
low dielectric impedance. Electrical loss is held to a 
minimum. Equally important—signal transmission 
characteristics are uniform, since thickness of the 
shoe is factory controlled to close tolerances. 


BFG erosion shoes are supplied in one piece, con- 
toured to fit the part. Thus installation is simple, 
requires no special tools. Valuable maintenance 
man-hours are saved. 

The well dressed radome wears a shoe specially 
made for the job. For your requirements contact 
B. F. Goodrich Aviation Products, a division of The 
B. F. Goodrich Company, Dept. AW -12B, Akron, Ohio. 


ON Memo ES ON BOE 


UHF antenna Fin probe antenna , Wing tip probe 


B.EGoodrich aviation products 
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EDITORIAL 





Defense Reorganization Plan 


The Defense Department reorganization plan sub- 
mitted to President-elect John F. Kennedy is a basically 
sound approach to one of the most critical problems 
facing the nation. Sen. Stuart Symington (D.-Mo.), who 
headed the group, has a background in modern defense 
problems matched by few people in active public life 
today. All of his conferees also have been seasoned by 
practical experience in trying to run various parts of the 
Defense Department machinery in the postwar years. 

This defense reorganization plan is aimed at molding 
a defense establishment capable of coping with the prob 
lems of today and tomorrow in contrast to the earlier 
postwar efforts that were basically aimed at perfecting 
the defense machinery to correct the past errors revealed 
by World War Il. It is a forward-looking plan that 
recognizes that the basic problem now facing our defense 
establishment is time. It is this time factor, originating 
in the fantastic advances in propulsion and compounded 
by the technical pace of Soviet military technology, that 
is the key to the success or failure of every phase of the 
defense effort. The committee’s report expressed this 
salient point extremely well in the following language: 
¢ “First is the unprecedented strategic value of time—the 
ability to react instantly against aggression in this nuclear 
space age. In World Wars I and II our country had 
at least 18 months to build and mobilize its defenses. 
If there should ever be a World War III, we would be 
fortunate to have 18 min. to react. 
© “Second is the crucial time clement in the United 
States vs. Soviet arms race—the need for carly selection 
among alternative weapon systems and for shorter lead 
times between conception and use. 
© “Third is the effect of time on defense cost. Regardless 
of how much the people of this country spend, they 
cannot buy time. Yet we tend to forget the costly effect 
of building weapons which have become obsolescent as 
a result of delay. 
¢ “Only by giving full recognition to these all-important 
time factors can the defense establishment of the United 
States be strengthened in a meaningful way.” 


Civilian Cut Proposed 


The Symington recommendations strike straight to the 
heart of the delay problem in the defense structure which 
is in the vast overlay of civilian secretariat that has been 
added to the office of the Secretary of Defense in the past 
six years, It seeks to leave virtually intact the operational 
activities of the military services themselves and does not 
recommend a single service with single uniform and 
single promotion list. 

We strongly believe that the first and most effective 
attack on delay can be made at the level on which the 
Symington group has taken aim. This superstructure of 
civilian secretariat with its surrounding complex of ad 
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hoc committees ad nauseam has been the principal 
cause of stretching out an already complex decision- 
making process in a period when galloping technology 
made compression of this process more vital than ever 
before. Only when this bureaucracy was circumvented 
by special management techniques such as the Air 
Force’s Ballistic Missile Division, the Navy's Polaris 
special projects office or the unique, acidulous techniques 
of Vice Adm. Hyman Rickover has new technology 
flowered into major weapon systems in sufficient time 
to be militarily effective. It may be politically unpalat- 
able for the incoming Administration to abolish 22 high 
level jobs in the Defense Department secretariat that 
normally would be available to “deserving Democrats” as 
a reward for political services. But this may be a good 
yardstick by which to measure just how earnest the new 
President will continue to be about solving the basic 
defense problems 


Facing Technical Problems 


The addition of a special assistant to the Secretary 
of Defense for Arms Control is another step in the right 
direction. Hitherto, the problems of disarmament have 
been approached in a vague aura of moralistic cant with- 
out any regard for the very real technical problems any 
genuine effort to achieve this goal would involve. This 
new post could make a tremendous contribution toward 
developing technical methods of ensuring real enforce- 
ment of arms control agreements and guarding against 
this nation stumbling into disastrous technical pitfalls 
such as could easily result from unrealistic nuclear test 
ban agreements 

Any measures than can transform the Joint Chiefs of 
Staff from a debating society into an over-all strategic 
planning and decision-making group will also contribute 
toward a better defense posture. There are many other 
aspects of the Symington group’s proposals that deserve 
fuller discussion than this space permits and we know 
there will be no lack of public debate on these proposals 
in the ensuing months. Heavy fire is certain to be 
directed against them and any other programs with 
similar aims by the military mossbacks and the political 
logrollers who will fight bitterly to preserve personal 
prerogatives regardless of the cost. 

We predict that these perennial snipers at attempts 
to modernize the Defense Department machinery will 
find surprisingly little public support in this debate. The 
American people are pretty well convinced of the neces- 
sity for streamlining and modernizing our defense estab- 
lishment in keeping with the technological pace on 
which it must be based. They are growing more and 
more intolerant of the waste, delay and self-seeking 
service sniping that already has been tolerated far too 


long. 
—Robert Hotz 
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iMustrated : 40 Pound Thrust Motor Assembly 
(one-third actual size) 


1. Squib Valve, 2. Tank-Pressure Section, 
3. Tank-Fuel Section, 4. Solenoid Vaive, 
5. Decomp Chamber, 6. Nozzie. 





REACTION CONTROL SYSTEMS BY KIDDE 
are highly reliable, now in production. Today 
being used on the NASA Scout, Air Force Thor, 
and the Air Force HETS, they are low in cost, 
light in weight, highest in performance. Kidde 
systems use mono-propellant, bi-propellant, cold 
gas, or solid fuels. Thrust motors from 2 to 600 
pounds. For repeatability, response, and reliability 
in reaction control equipment, Kidde can serve 
you best! Write to Kidde today outlining your 


reaction control requirements. 


= 


* e * * 
Kidde Aero-Space Division 
Walter Kidde & Company, Inc., 1218 Main St., Belleville 9, New Jersey 


Walter Kidde-Pacific, Van Nuys, California * Walter Kidde & Company of Canada Lid., Montreal, Toronto, Vancouver 
District Sales Engineering Offices: Dallas, Texas * Dayton, Ohio © St. Louis, Mo. + San Diego, Calif * Seattie, Wash. * Van Nuys, Calif. © Washington, D.C 





WHO'S WHERE 


Honors and Elections 


J. V. Naish, president of Convair Divi- 
sion of General Dynamics Corp., has been 
clected chairman of the board of governors 
of the Aerospace Industries Assn. for 1961. 
H. M. Horner, chairman of United Air- 
craft Corp., was named vice chairman, and 
Orval R. Cook was re-clected president 

William J. Mitchell, vice president of 
trafic and sales for Bonanza Air Lines, has 
been elected president of the Air Traffic 
Conference, a division of the Air Transport 
Assn., for 1961. Elected vice presidents of 
the Conference: William L. Morrisette of 
Eastern Air Lines and C. Gordon Brown of 
Piedmont Airlines 

Julian I. Palmore, I11, a Cornell Univer- 
sity senior, has been granted the $1,000 
American Rocket Society-Chrysler Corp 
award for his design of a space vehich 
which, when landed on the moon, would 
radio information about the nature of the 
lunar surface back to carth 


In the Front Office 


Dr. Jerome B. Wiesner, a director of 
Sprague Electric Co., North Adams, Mass., 
and Dr. Jerrold Zacharias retained xs a con- 
sultant. Dr. Wiesner is director of Massa- 
chusetts Institute of Technology's Research 
Laboratory of Electronics, and Dr. Zach- 
arias is a professor of physics at MIT. 

Dr. Lloyd V. Berkner, president, Grado- 
ate Research Center, Dallas, Tex. Dr. Berk- 
ner, formerly president of Associated Uni- 
versitics, Inc., will be succeeded by Dr. Le- 
land J. Haworth, vice president of AUI and 
director of the Brookhaven National Lab 
oratory, as acting president 

Joseph FE. Callahan, commercial vice 
president, Cleveland Pneumatic Tool Divi 
sion, Cleveland Pneumatic Industries, 
Cleveland, Ohio 

Winton S. Smith, vice president-market 
ing, and Engene T, Ferraro, vice president 
customer services, Kearfott Division of Gen 
cral Precision, Inc., Little Falls, N. J 

Canadair, Ltd., Montreal, Canada, has 
appointed the following vice presidents 
C. F. Fincham-military relations; K. H. 
Larsson-commercial sales outside . ..- 
America; J. A. Mborley-North American 
commercial sales; G. C. Keefer-administra- 
tion 

George H. Mettler, a vice president 
Textron, Inc., Providence, R. I. Charles D. 
Brown succeeds Mr. Mettler as president of 
MB Electrenics, a division of Textron Elec 
tronics, Inc 

Walter Heuer, vice president of Varig 
Airlines’ International Division 

Lt. Gen. Patrick W. Timberlake (USAF, 
ret.), corporate vice president of Northrop, 
will head the company’s International Divi 
sion, succeeding J. G. Nettleton, who has 
resigned to accept a position with Interna- 
tional Telephone & Telegraph Corp 

Lt. Col. William J. Nelson, chief, Anti- 
Missile Missile and Space Defense Office, 
Army Rocket and Guided Missile Agency, 
Huntsville, Ala., succeeding Lt. Col. Claude 
C. Young, who will report to Korea for 
duty 





(Continued on page 156) 
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INDUSTRY OBSERVER 


> RVX-2 re-entry vehicle program will evolve into a program called Arc, 
for advanced re-entry concepts study maneuverable nose cones. Atlas- 
boosted Arc will basically be an RVX with fins and will use a number of 
different shield configurations. Lift/drag ratio will be 0.5-0.7, and both 
parachute and landing skid re¢ for water and ground landing wl be 
tried. Arc will be unmanned, but successor vehicles may be piloted 


> Development of a reconnaissance satellite providing a very high resolution 

ictorial image is being considered by Air Force. It would carry a 40-ft. 
focal length camera capable of distinguishing 1-ft. long objects from an 
orbital altitude of 250-300 naut. mi. 


© Second USAF-Lockheed San reconnaissance satellite is tentatively 
scheduled to be launched before the end of this month from an Air Force 
pad at Navy's Pt. Arguello, Calif., facility. First Samos launch failed to put 
the payload into orbit last October. Next Midas infrared early warning satel- 
lite test flight is scheduled for mid-January. 


>P ls from four contenders for Project Surveyor—North American 
Aviation, McDonnell Aircraft, Space Technology Laboratories and Hughes 
Aircraft—are due Dec. 15. Contract award for the National Aeronautics and 
— Administration soft lunar landing vehicle is scheduled for late next 
March. 


P USAF’s proposed Positive Control Bombardment System (AW Dec. 5, 
p 26) is being investigated under Study Requirement 199A as a part of 

efense Department Ballistic Missile Committee’s general category of 
hich are grouped under SR-199. These 


advanced weapon system studi 
put into orbit by the USAF-Martin 


bombardment satellites would 
Titan II. 


» Proposed USAF global communications satellite known as Project Csar 
(AW Dec. 5, p. 26) is being studied under SR-178, issued last February. 


Aimed at a highly reliable strategic system to facilitate alert and reaction 
communications, Csar would weigh 3,800 Ib., use solar cells for power and 
be operational by 1965. Atlas-Centaur is the probable launch vehicle. 


n of its 940 STOL project to meet 
for a light STOL transport (AW Nov. 
iircraft would use the blown-wing 

» Turbomeca Turmo IIID free tur- 


> Breguet is studying a smaller 
a new French air force compet 
14, p. 23). Designated the 

Pigeon and would be power 


ine engines operating four proj 


© Hughes Aircraft has delivered its first Mobot, an underwater robot carried 
eo its operational site by a hydrocopter which operates in water the same way 
a helicopter flies in air. Mobot has articulated, remotely operated arms with 
tools at the extremities for performing various jobs. Hydrocopter is three- 
bladed, driven by underwater reaction propulsion units near the blade tips. 


© Lockheed’s California Divi 
STOL aircraft and an improv 
was destroved in a crash last 


building a company-funded prototvpe 
n of the prototype helicopter which 
luring a test flight near Newhall, Calif. 


> Physiological instrumentation for X-15 pilots is built into a small package 
mounted behind the cockpit and connected through his suit to sensors on 
or near the pilot. Pack was developed by North American Aviation and 
measures differential pressures between cockpit and suit and between suit 
and helmet, as well as body surface temperature, electrocardiogram and 
respiration rate. 


Polaris mobile launch concepts under 
way at Puget Sound Bridge & Dry Dock Co. includes truck, rail and river- 
launch systems. Lockheed sul y's study is for a Polaris-type North 
Atlantic Treaty Organization bal missile. 


© Company-funded study of th: 

















Atmospheric Skin Diver...1980 Style 


Double-walled honeycomb panels of Haynes alloy No. 25 may 
form the “‘skin”’ of a rocket-propelled space glider, predicts a major 
aircraft company. Already successfully tested, these panels are 
designed to withstand the terrific temperatures generated as the 
glider dives back into the earth’s atmosphere. 

To safeguard the plane’s 30 passengers and crew from this blazing 
re-entry heat, its whole skin, except for leading edges and tail surfaces, 
will be made of the Haynes alloy No. 25 panels. Beneath these, a 
layer of thermal insulation. And liquid circulating through inner walls 
and airframe will lose excess heat to water to be expended as stearn. 
Research indicates that a “‘skin’’ of this basic type is highly 

practical. And it seems certain that many other tough, heat- and 
erosion-resistant Haynes alloys—some already proved at 

2,000 deg. F. and above —will also be aboard. Snstusenidiinanndndiniaeth eek ae 


Whether investment- or sand-cast, rolled, wrought, vacuum space-plane skin with a honeycomb surface 
panel made of Haynesalloy No. 25, designed 


melted or air melted, there’s a HayNeEs high-temperature alloy per eon Saat af epanten. 
to meet your needs. — 


Address inquiries to Haynes Stellite Company, 270 Park Avenue, New York 17, N. Y. 


AaLtows 


HAYNES STELLITE COMPANY : 
Division of Union Carbide Corporation UNION 
Kokomo, Indiana CARBIDE 


“Haynes” and “Union Carbide” are registered trade-marks of Union Carbide Corporation 














New Targeting Plan 


Military Candidates 


Critical Budget Action 
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Washington Roundup 


First unified strategic targeting plan prepared by the recently created tri-service 
targeting unit has been approved by Defense Secretary Thomas S. Gates, Jr. Although 
Gates does not consider the plan perfect, he wanted it completed before President 
Eisenhower leaves office in January. 

The target assignment plan takes effect Apr. 1. It gives first priority for delivery 
of weapons to Strategic Air Command’s bomber fleet, where it has been, even though 
most of the fleet is rapidly becoming obsolete. A realistic appraisal of current inter- 
continental missile capability kept ICBMs from the priority list. They have been 
assigned subordinate roles along with other delivery systems farther down the list. 

Gates’ principal objection was to the assignment of several weapons to one target. 
Although one bomb would paralyze a city, 10 are assigned in order to attain a theoretical 
asey of 97%. Gates also objected to the concept of ignoring the problem of fallout 
over friendly territory 


Leading contenders for Gates’ job in the Kennedy cabinet are believed to be 
Thomas J. Watson, Jr., Roswell Gilpatric and William Foster. Robert Lovett, a 
Republican who held the job under a Democratic Administration, has declined on the 
grounds of ill health. 

Watson, president of International Business Machines Corp., was a senior Air Force 
owe during World War II with the rank of lieutenant colonel. He is one of five 

epublicans who were critical of the Eisenhower Administration’s Fiscal 1961 defense 
om a and policies. 

Watson told Congress last spring that “our national goal should be clear superiority 
over the Sovict Union in all possible area | we should believe enough in democracy 
so that we will not be reluctant to fully enter the contest.” 

Gilpatric is chairman of the board of Aerospace Corp. and a former Air Force 
under secretary, and Foster headed the Gaither Committee, whose report urged a 
great increase in the defense effort. 

Frank Pace, chairman of the board of General Dynamics Corp., will not take the 
defense post as many have speculated, but is expected to accept a major ambassadorship. 


Gen. Curtis Lemay, Air Force vice chief of staff, is expected to retire instead of 
moving into the top job, which may be open very early in the Kennedy Administration. 
Best bets for the top job, even though th not stand at the top of the seniority list, 
are Gen. Thomas S$. Power, strategic air nander; Gen. Lawrence Kuter, North 
American air defense commander and Lt. ‘ Bernard A. Schriever, air research and 
development commander 

Adm. Arleigh Burke, who has been chief of naval operations for three terms, prob- 
ably will be replaced long before his sch tirement in June. Leading prospects 
to succeed him are Vice Adm. John T. Hayward, deputy chief for development; 
Adm. James S. Russell, now vice chicf \ Adm. W. F. Raborn, director of the 
Polaris program 


President Eisenhower, Secretary Gates and Budget Director Maurice Stans last 
week held what may be the last discus f the Fiscal 1962 defense budget before 
it is frozen. The total now looks as if it e no more than $40 billion. 

David E. Bell, 41, named by President-clect John Kennedy as his new budget 
director, already has opened an office at | Budget Bureau. Bell served as a White 
House assistant and Budget Bureau exam inalyst for seven years in the Truman 
Administration 


Navy's Missileer aircraft appeared to be out of the Fiscal 1962 budget last week but 
the final decision was being made at the White House. If Douglas loses the Missileer, 
there is a strong possibility that it would get the MATS interim jet cargo aircraft con- 
tract to help case employment problems at Long Beach (see p. 36). 

This in turn could means that Bocing would be chosen to build the tactical Air 
Command STOL fighter-bomber. But the interim jet also was the subject of a White 
House conference late last week, and the STOL fighter undoubtedly came into the same 
conversation 


North Carolina Gov. Luther H. Hodges, nominated as Kennedy's Secretary of 
Commerce, will be a key man in two prog ffecting aviation which will be pressed 
by the Administration to counter the pr t unfavorable balance of payments 

They are the increase of aircraft exports and promotion of foreign travel to the 
U.S. The travel balance is now heavily the other way, with U.S. citizens spending some 
$2 billion a year, almost $1 billion more | foreign travelers spend on U.S. carriers 


and in this country. 
—Washington Staff 
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Space Virtues of Liquids, Solids Debated 


Companies renew battle at Rocket Society meeting; 
emphasis shifts from missiles to launch vehicles. 


chington—Rocket engine manufacturers took advantage of the Ameri- 
can Rocket Society's Annual Meeting here last week to renew the old battle 
of liquid propellants versus solid propellants. But this time, the applications 
at issue were large space vehicles instead of ballistic missiles. 

The liquid propellant proponents claimed that by the mid-1960s liquid 
rocket engines will be capable of placing payloads “in the order of hundreds 
of thousands of pounds” in earth orbits and of carrying “tens of thousands 
of pounds” of payloads to escape velocity for lunar round trips and planetary 


orbiting 


Solid propellant rocket engine manufacturers said that even con 


ceding large liquid engines the head start they already have, solids could 
do the same thing in the same time and at a significantly lower dollar-per 


pound payload cost. 

Richard C. Mulready, Pratt & Whit- 
ney project engineer in charge of de- 
velopment of the liquid oxvgen-liquid 
hydrogen LR-115 Centaur rocket en- 
gine, reported that the engine has met 
or exceeded all performance require 
ments to date. The has fired 
continuously for 54 min., the limit of 
test stand propellant tank capacity 

A program is now under way on Pratt 
& Whitnev’s vertical test stand in West 
Palm Beach, Fla. to simulate the Cen 
taur vehicle system by testing the pro 
pellant supply system with a dual en 
gine installation. The first Centaur 
vehicle is to flv in 196] 
using an wered by two 
LR-1I15 
ind Spa 
ized Pratt & 
LR-115 from 


7.500 lb thrust 


engine 


scheduled 
upper stage p 
engines. National Aeronautics 
Administration has author 
Whitnev to upgrade the 
15,000 I thrust to 


F-1 Engine Progress 


Rocketdyne’s David FEF. Aldrich and 
Dominick J. Sanchini reported that the 
single chamber, 1.5 million Ib. thrust, 
liquid propellant F-1 engine 
velopment for NASA will begin its 
first complete engine tests early next 
Preliminary flight rating test of 
will start in | 1962 and 
end in early 1963 

By taking advantage 
clustering technology now 
veloped by NASA on the Saturn, they 
said, it should be possible to launch a 
cluster of six F-1 engines capable of 
producing 9 million lb. thrust by the 
mid-1960s. Coupled with suitable high 
energy, upper-stage, liquid rocket en 
gines, Rocketdyne estimates the 9 mil 
lion Ib ll capable 


under de- 


vear 
the engine 
f the engin 


ing cde 


thrust booster will be 
of performing these missions 
© Placing a 400,000-Ib. payload in a low 
earth orbit 
© Putting a 130,000-b. payload into a 
24-hr. orbit 
¢ Putting a 90,000-Ib. payload into a 
Mars orbit. 
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e Carrying out a manned lunar landing 
and return with an earth-landing weight 
of approximately 20,000 Ib 

The F-1 presently is designed for a 
propellant combination of liquid oxy 
gen and RP-I. But Aldrich, program 
manager for the F-l, told Aviation 
Weex that preliminary operations en 
gineers are studying the high energy 
liquid oxygen-liquid hydrogen combina 
tion. The use of this combination for 
the F-1, he said, would raise perform 
ince about 40 sec 

The problem of developing a large 
perhaps the biggest develop 
been 
] 


evetTai 


injector 
ment problem with the F-1, ha 
solved, Aldrich said. From 
jector tests run at | million Ib. thrust 
two stable injector 
configurations have now evolved and 
will be further evaluated until one is 
selected. First tests of the full-scale 
F-] turbopump took place last month 
Five feet long and four feet in diameter 
the direct-drive turbopump weighs 
2,500 Ib.. develops 60.000 hp ind can 
move three tons of propellant per 
ond 

Aldrich said that development of the 
F-] engine is on schedule. Extension 
of the F-1 program from 46 months to 
50 months was explained as the result 
of a reallocation of Fiscal 1960 funds 
which put some F-] money into other 
NASA projects considered more urgent 
As the F-1 program now stands, it will 
come to an end with the rating test in 
1963, unless NASA awards Rocketdyne 
a new contract for further develop 
ment or production of the engin 

Before much more money is put into 
the development of large, liquid pro 
pellant rocket engines, Grand Central 
Rocket Co., Aerojet-General Corp. and 
Thiokol Chemical Corp. hope to sell 
NASA on the advantage of large solid 
propellant boosters. Awarded contracts 
by NASA (AW Sept. 19, p. 28) for 


preliminary design studies of large solid 


in 


levels and above, 


boosters in the I-million lb. and 7- 
million Ib. gross vehicle weight class for 
both orbit and escape missions, the 
three companies expect to submit their 
final reports next March. The 7-million 
Ib. class studies subsequently were in- 
creased to 9 million Ib. 

First indications of what might be 
expected in these reports were given at 
the ARS meeting by H. L. Thackwell, 
Jr., senior vice president of Grand 
Central, in a report co-authored by 
Grand Central's Ralph M. Pierce. In 
his report, Mr. Thackwell described 
three different solid propellant vehicles 
a three-stage vehicle which would put 
a 30,000-lb. payload into a 300 mi. 
earth orbit, a four stage vehicle which 
could put a 100,000-Ib. payload in orbit 
or escape with a 22,000-Ib. payload; a 
five stage vehicle which could orbit a 
250,000-Ib. payload or carry a 60,000-Ib. 
payload to escape velocity 

All three vehicles would be con- 
structed of essentially identical, cylin- 
drical solid propeliant rocket motor 
segments. It was assumed that the seg- 
ments, which would be bolted together 
at the launch pad, would contain a con- 
ventional, case-bonded, radial-burning 
solid propellant grain with a sea level 
specific impulse of 245 sec. at 1,000 psi. 
All vehicles were to be constructed from 
two basic motor configurations: Design 
I, a single solid propellant segment with 
head cap nozzle; and Design II, a five 
segment motor slightly taller than the 
Atlas 


Larger Solid Vehicle 


The three-stage Type A vehicle de- 
scribed by Thackwell consists of a De- 
sign | motor third stage, a Design II 
motor second stage and a cluster of 
four Design II motors for the booster. 
Che booster motors are banded together 
by rigid bulkheads secured to the top 
and bottom motor attachment flanges. 
Jet vanes are thrust vector 
control in the while small 
auxiliary rocket motors, housed around 
the outside of the nozzle throat section, 
are used in upper stages 

To launch a_ 30,000-lb. satellite, 
Thackwell estimated that his Type A 
vehicle would weigh 2,471,000 Ib. at 
takeoff. He said costs, including every- 
thing from research on, would run $204 
per pound of payload in orbit for 100 
vehicle flights to $740 per pound for 10 
vehicle flights. By comparison, recent 
estimates given for the Saturn range 
from $500 to $700 per pound of pay- 
load in orbit. Assuming adequate fund- 
ing and a Jan. 1, 1961 starting date, 
Chackwell said, Type A vehicles could 
begin routine flights on Jan. 1, 1965. 

The four-stage Type B vehicle en- 


used for 
booster, 
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visioned by Thackwell would consist 
essentially of a Type A vehicle with a 
new first stage made up of eight Design 
II motors clustered together. Takeoff 
weight would be 6,250,000 Ib., and 
payload costs would range from $117 
per pound for 100 flights to $350 per 
pound for 10 flights. Type B vehicles 
could begin routine flights by July 1, 
1965, he said. 

The five-stage Type C vehicle would 
be the Type B ti vB on top of a 
cluster of 16 Design II motors. As in 
the case of Type B, the second stage, 
the first stage in the preceding design, 
would switch from jet vanes to auxiliary 
motors and would use nozzles with lar- 
ger expansion ratios. Takeoff weight 
of Type C vehicle would be 13.5 mil- 
lion Ib., and payload costs would run 
from $110 per pound for 100 — 
to $288 per pound for 10 flights 
Routine fights of Type C vehicle, 
Thackwell said, could start on July 1, 
1966 


Grand Central Studies 


NASA's contract to Grand Central 
covers only preliminary design study on 
the 1 million Ib. weight vehicle. But 
Thackwell told Aviation Week that 
Grand Central is carrying out a study 
on the 7-million Ib. vehicle with com- 
pany funds. The NASA _ contracts 
which call for specific designs of first 
stage boosters also ask for general de- 
signs of high energy liquid upper stages 
similar to the liquid oxygen-liquid 
hydrogen engines now under pm ae 
ment in order to get a realistic picture 
of over-all vehicle performance from 
the three contractors 

Thackwell feels however, that solids 
would offer significant advantages: in 
these upper stages as well. Thrust level 
control, he iollonte, can be obtained 
with solids, where needed, by going to 
a hybrid motor in which a liquid oxi- 
dizer is used“for thrust anbdition. 

The NASA study is likely to turn 
into a hardware contract, Thackwell 
feels, that could produce a booster com- 
petitive with the Saturn booster. He 
said that a cluster of three two-segment 
solid motors would be equivalent to 
the Saturn. It would be somewhat 
shorter than Saturn and not quite 20 
ft. in diameter. A cluster of three five- 
segment motors, he added, would pro- 
vide a 40% increase over Saturn 
booster performance. 

Grand Central's preliminary design 
study for NASA is believed to envision 
a booster for the proposed 1-million 
Ib. vehicle that would produce 2.2 mil- 
lion Ib. thrust, assuming a 45-sec. burn- 
ing time. The booster would use the 
company’s own polybutadiene type of 
propellant, called polycarbutene, and 
could be ready for preliminary flight 
tests in 18 months, Thackwel said. 
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NASA to Study Unconventional Rockets 


Washington—Contracts to study use of unconventional high-thrust liquid engine- 
vehicle designs will be awarded carly next year by the National Aeronautics and 
Space Administration to determine whether such approaches as plug nozzles and 
simplified structures can reduce the cost of launch vehicles. 

Request for design study proposals calls for survey of feasible designs ranging in 
thrust from 2 million to 24 million Ib. Invitations to bid on the study have gone 
to industry, and bids are due Dec. 23. Vehicles are called unconventional because 
NASA wants evaluation of unusual nozzle and chamber designs which could result 
in chesper and more reliable vehicles than the large boosters under development. 

The program is a continuation of a series of studies on the entire range of large 
booster potential. NASA is looking at large solid propellant vehicles with thrust 
levels up to 21 million Ib. (AW Sept. 19, p. 28) and at alternate concepts for the 
Nova configurations (AW Oct. 10, p. 26). Flight model 50,000-Ib. thrust plug 
nozzle engine is being developed for NASA by General Electric Co. 

The pending study contract will consider hydrocarbons and liquid hydrogen fuels. 
It will cover a two-part design study, consisting of these tasks: 

@ Establish the advantage in cost and reliability of unconventional liquid engines and 
and engine-vehicle combinations. This requirement includes preparation of an array 
of possible designs, selection of the most promising design plus estimates of the cost 
of a research and development program, and of the cost of test and production 
facilities for a six-year manufacturing program of 25, 100 and 400 engines. 

@ Analyze engineering and program components, including chamber pressure, nozzle 
configuration, area ratio, thrust vector control, valving, analytical and experimental 
programs required to detail performance parameters, and cost factors in research 
and development, test and production 

First phase is expected to be completed four months after contract award, and 
the second in the following six months 

Alternative in the broad study comes if significant savings and reliability cannot 
be established for unconventional first stage engines. Program objectives then 
would be shifted to second stage studies. 

Bidders are asked to specify their qualifications and experience in their proposals 
by including their methods of approach, project plan, personnel and facilities avail- 





able, subcontractor organization and computer availability. 








Thiokol and Aecrojet-Gene 
ally agree with Grand Central t 
nificant cost savings could be ot 
with large solid a space 
ers, but they differ on some ot! 
nificant details 


Thiokol Program 


About a month ago, Thiok 
had the study contract for the 
Ib. vehicle, was asked by 
Booster thrust, which was ay 
mately 15 million Ib. original; 
reportedly has gone up to 18-2 
lion Ib. Thiokol is evaluating bot! 
segmented motor approach and 
loading, according to Redstone D 
project manager W. L. Berry 

While the requirement for 
energy liquid motors for the upp 
was spelled out by NASA, Be: 
that even if given a free choic 
matter, Thiokol would probably 
a liquid engine in at least the last 
with motor technology at its 
level of development. At th 
time, he said, Thiokol is studving 
brids at both its Redstone and React 
Motors divisions with empha 
hypergolic propellant combination 
on use of liquid oxidizers in thrust 
modulation. 


NASA to 
change this to a 9-million Ib 


In its segmented motor approach, 
hiokol researchers currently appear to 
favor joining the sections together in 
a manner similar to that of a torpedo 
joint, in which the bolts are hidden 
in an indented V instead of protruding 

Given complete freedom in the 
choice of upper stage engines, Berry 
estimated that Thiokol could produce 
a 9-million Ib. vehicle at 1/15th to 
1/20th the cost of a comparable all- 
liquid vehicle. Even without freedom 
of choice in the upper stages, he be- 
lieves it can be done at 4 to 4th the 
cost. If given the go-ahead now, he 
said, Thiokol could have a vehicle in 
the air sometime in 1963. 

On its NASA contract, Aerojet was 
asked to do a preliminary design study 
on both the | million Tb. and 7 (now 9) 
million Ib. vehicle. Aerojet and Grand 
Central also have Air Force contracts 
for the development of a solid propel- 
lant rocket with a total impulse of 20 
million Ib.-sec. This contract will cul- 
minate in the firing of a full scale 
(100,000 Ib. of propellant) motor. First 
firing of small scale (40,000 Ib. of pro- 
pellant) motors is expected to take place 
in the next 30-40 days, and the first 
full scale motor firings in about four 
months. 

This Air Force program involves seg 
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mented solid motors and is complemen- 
tary to the NASA study, Aerojet’s Dr. 
Ernest »R. Roberts told Aviarion 
Week. It will be a relatively simple 
matter, he feels, to increase the num- 
ber of segments and step into the higher 
weight and thrust class of vehicles for 
NASA. However, as part of its NASA 
study, Aerojet also is investigating on 
site loading. At this time, Dr. Roberts 
said, on-site loading definitely appears 
uneconomical, at least for the 1-muillion 
Ib. class of vehicles 

In its big solid booster programs, 
Aerojet is working with motor segments 
that have an aspect ratio close to one 
and use polyurethane propellant. Both 
segment diameter and weight are lim- 
ited for transportation reasons. Seg 
ment weight is believed to be approxi- 
mately 70,000 Ib. and diameter 120 in 
Segments are interlocked by pulling a 
wire. 


Cluster Pattern 


While no final designs have 
set, indications are that the big Aero- 
jet boosters will run perhaps six seg- 
ments per motor and no more than 
seven motors to a booster cluster. A 
solid booster comparable in _perform- 
ance to the Saturn would probably be 
the limit for a single segmented motor, 
Dr. Roberts said. It will be possible to 
obtain a total impulse of 100 million 


Ib.-sec. with a five t 


been 


segment motor 


Aerojet is working on hybrid rocket 
motors under a contract from the Navy 
Bureau of Weapons. Dr. Roberts feels 
that this work is still in a rather em- 
bryonic stage and that whatever advan- 
tages such a system proves to have will 
have more value for volume-limited mis- 
sile systems than for space vehicles, 
although he does not rule out its poten- 
tial value for thrust modulation and 
on-off control in upper stages. 


Fuel Combination 


The best large space vehicle that can 
be developed today, Dr. Roberts be 
lieves, will prove to be a combination 
of liquid and solid propellant stages 
In the upper stages where every pound 
is critical, the higher specific impulse 
and mass fraction of the liquids—even 
where it is only fractional—makes them 
more attractive, he said. 

At the same time, he said, solids will 
probably always prove more economical 
for the first stage and possibly for the 
second. Except for special missions, he 
now concedes third stages and above to 
the liquids 

Dr. Roberts estimates that solid mo 
tors in the first stage of these large 
vehicles will reduce payload delivery 
attainable with a large liquid 
20-30%. Moreover, he 
it is possible to produce a solid. pr 
pellant booster in the Nova class by 
in the 1963-64 time 


costs 


} 


pooster bi said, 


ometim« period 


Lockheed Designs New Capsule 
For Orbital Chimpanzee Tests 


Washington—Advanced _ bio-medical 
capsule (ABC) planned for two-day 
orbital exposure of a 50-Ib. chimpanzec 
has been carried through design and 
mockup by Lockheed Missile Systems 
Division 

The self-< 
modified and expanded to carry a hu 
man subject be used 
with multiple subjects smaller than the 
himpanzec 

Mockup was shown for tl 
15th annual meeting of the 
American Rocket Society her The 
model is the product of a feasibility 
funded by the Bio-Astro 
tics Projects Office of the Air Fore: 
Ballistic Missile Division. Major aim 
of the proposed complete program is 
to “fly earliest, fly cheapest” to get 
bio-medical data on a large subject in 
a space environment 
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Contingency of Funds 


Further development through hard- 
ware and flight-testing is waiting sec- 
ond-phase Air Force funding. Flight 
testing is also contingent upon avail- 
ability of the Atlas-Agena configuration 
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with its second-stage 
diameter 


for a launcher, 
Agena expanded to a 6 ft 
package 

The self 
complete life-support sys 


instrumentation for 
} 


ontained animal capsul 


provides } tem 
ind ample test 
phy siologic i] ind 
tor n . ale } 
toring in a cvlindrical 
3 ft. in diameter an 
than 4 ft. long. It weighs 350 Ib. com 
plete and would be mounted horizon 
tally in the Agena when the Atlas 
gena is erected before 1unching 
\ ted bef | } 
Only external 28-v.d.c. power need be 
pplied—the capsule is otherwise self 
All components are off-th 


moni 
ibout 


more 


psvchologica 
package 
: lighth 


ST | 


igi 


ufficient 
shelf. 
Launching with the advanced Atlas- 
Agena, similar to the configuration for 
Samos I, gives flexibility of orbital path 
choice so that subjects could be exposed 
at altitudes up to 2,000 mi. for best 
experimental results. If radiation densi 
ties above the earth are measured prior 
to the animal launching, the subject 
could be orbited at the altitude for 
maximum exposure or controlled © 
posure to specific types of particles 
Recovery of the capsule will be pat- 





ARS Coverage 


American Rocket Society's 15th an- 
nual meeting was covered by an Aviation 
Week team headed by Editor Robert 
Hotz and consisting of David A. Ander- 
ton, Philip J. Klass, Michael M. Yaffee, 
Edward H. Kolcum, Larry Booda, Evert 
Clark and Craig Lewis. 











terned after the successful Discoverer 
technique, using Lockheed C-130 air- 
craft for the air-snatch attempts. 

Major aim of the ABC satellite is 
to obtain physiological and psycho- 
logical data on the animal's response 
to a space environment. Basic instru 
mentation and control units monitor 
and maintain the oxygen atmosphere 
in the capsule and measure its tem 
perature, humidity, sound level and 
odor 

Physiological instrumentation on the 
inimal mixes both external sensors and 
internally implanted sensor-transmitter 
units. Psychological data comes pri- 
marily from a bank of simple pattern 
matching tasks and a batterv of colored 
lights which the animal is supposed to 
switch off selectively 


Data Transmission 


Test data taken during flight would 
be transmitted to ground stations by 
150-data point FM/FM_ telemetering 
equipment separate from the telemetry 
in the Agena stage. In addition, data 
would be recorded by an endless-loop 
tape recorder. A still TV photo system 
would be used to photograph the ani 
facial expressions, with 
1 by a UHF television trans 


mal’s pictures 


transmuttec 
mutter 

rhe animal subject is to be prepared 
two days before the planned shot, and 
ifter a period of acchmatization to the 
restraining suit, would be strapped to 
launching 
mimal 


just before the 
palletized so that the 
. } le 1, 
placed in the capsule shortly 
flight, already wired and ready 
connected to instrumentation 


the couch 
Couch 
in be 
before 
to he 
ick ip le ids 

Extra 
nto the 


hand and footgrips are built 
couch so the animal has some- 
thing to grip during its period in the 
flight. Gripping is physical 
ction that apparently provides a feel 
ng of well-being for the animal 

Electrical heating, thermostaticall 
ontrolled used to maintain capsul 
temperature During re-entry, 
cooling is done by evaporation and by 
radiant exchange 

Feeding of the animal is done me- 
chanically, by time-opening a panel in 
the center of the instrument panel 
Food is a gelatinous mix to include 
water, and it supplies 1,000 calories 
and 500 cu. cm. of water per day at 
four-hour feeding intervals. 


a simple 


in orbit 
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Peiione: Augers Hughes Signs TWA Financing 


Space Center Talks Trans World Airlines $300 million fi finally got the 

ia ine Trans Wor irlines ) million financi na necessary 
_ Geneva-Initial organizational mect- | iomard Hughes signatures lst weck, and lender met to consider his tender that 
ing of po Intergovernmental Prepara- apparently included a provision for pre-payment of the debt. 
tory Commission hei an with — Approval was expected. TWA may thus get some of its Convair 880s waiting 
lishing an 11-nation ao OE ee on the ramp at San Diego into service by Christmas, but interiors on some suffered 
research center, may be he aris damage because of exposure to weather and salt water environment. Later airplanes 
by carly Si were completed only as far as the airframe and interior equipment was not installed. 

Establishment _ of the aggear gear a Four airplanes were left uncoated with preservative as the result of Hughes send- 
followed a five-day meeting of — ing in his own guards who towed them away from the ramp to an isolated spot at 
tists at the age Organization for the water's edge. Two were removed subsequently, but the other two, No. 5 and 
Nuclear Research in the suburb of No. 8 sisplames, wese damaged by corrosion to the extent thet all thelr CJ805 tusbojet 
Meyrin. engines had to be removed and sent back to General Electric’s Evendale, Ohio, 

The Paris meeting will be scheduled pleat for overhenl. Roughly 10% of components will heve to be. sepleced. 
one month after at least = or Hughes signed the agreements under pressure of warnings by holders of TWA’s 
_ nts pe Epresenting 70% of the commis- current debt that foreclosure action would begin by the weekend if he did not sign. 
sion’s $200,000 budget give their final | The package is the original Dillon plan (AW Oct. 31, p. 35) which calls for Hughes 
approval. Observers here hope that this to place his 78% stock interest in a three-man trust in which he is represented by 
goal may be achieved within three | one member and the lenders the other two. Hughes named Raymond M. Holliday, 
months wane. ; Hughes Tool Co. financial vice president, as his representative. 

Scientists from five nations—Great Two alternative plans considered by Hughes were dropped. One proposed by 
Britain, Belgium, The Netherlands, Merrill Lynch, Pierce, Fenner & Smith required more time to perfect than was 
Norway and Sweden—whose contnibu- available, presumably because it involved a change in the status of Hughes Aircraft 
bons would represent approximately Co., now held in trust. The other involving the Crown interests of Chicago and 
30% of the commission's over-all Bank of America, was an interim plan that would have provided for delivery of the 
budget request already have signed the Convair 880s but not for payment for the bulk of TWA’s Boeing 707 fleet which 
Meyrin agreement establishing the is owned by Hughes Tool Co. 
group without reservation. 

Representatives of four others—Den- 
mark, France, Spain and Switzerland The preparatory commission itself put into orbit the payloads it has de- 
signed conditionally, but the pact must pas been charged with working out veloped. ’ 
be ratified by their respective parlia- details of prospective programs to be Probable areas of work for the center 
ments before it takes force undertaken by the space center ro- outlined by the Meyrin conference in- 











ze West German delegation said posed budget for its initial development clude satellite vehicles that would stud) 
it had no authority to 5 i the and operation and recommendati solar radiation and cosmic ray fields, a 


agreement in any way. Sir Harry Mas- personnel to staff it as well as the prep- check on Einstein's theory of relativity 
scy, Chairman of the Meyrin conference aration of organizational statutes, mem- and exploration of the exact size and 
and head of the British National Com bership fees, etc. It also will recom- shape of the earth. It also would probe 
mittee on Space Research, said, how- mend possible sites for the pl il ionospheric scatter techniques, as the 
ever, that the West German govern-  jocation of the center. U. S. already is doing, to improve com- 
ment is expected to ratify the It is hoped that the commission can munications techniques. 
agreement within the near future complete its work within a year and | Average national income of the indi- 
followed by an European spa vidual member nations during the past 
: ‘ ; search organization which will have _ three years will be used as the basis of 
Sputnik VI Destroyed maeniibiity for the actual est h- determination of how much each will 
Moscow—Destruction of Sputnik VI- ment of the space center. be expected to contribute to the over- 
Russia's third “spaceship”—during _ re- Since two neutral nations, Switzer- all budget. No nation, however, will 
entry Dec. 2 has deprived scientists of land and Sweden, are involved in the _ be asked to contribute more than 25% 
agreement, representatives at the Mey- of the total expenditures. Three largest 


the opportunity to get lifetime data on ; _o- 
the effects of space environment on| in conference stressed that the center contributors probably will be Britain, 
the two dogs, other animals, insect and | WOuld concern itself solely with projects France and West Germany. 


plant life carried into orbit. that were of a purely civil, rather thar Proposals for such a session as the 
Telemetery worked normally, trans- military, nature. The scientists after Meyrin conference have been under 
mitting data on animal cardiovascular | bate also ruled that the center would study for the past year, and a prelimin- 
and respiratory systems and on responses make no effort to develop independent ary conference among scientists from 
to noise, vibration, accelerstion and| booster systems. several of the nations was held in Paris 
weightlessness. Television monitoring Although delegates from Belgiun in June. Invitation to hold the inter- 
of the animals plus telemetered data Italy and The Netherlands urged tha governmental meeting at Meyrin was 
showed their behavior to be nearly the center be given the scope to enter formally extended by the Swiss govern- 
normal. Loss of the experimental sub- the entire spectrum of space research ment last month. 
jects means Russian scientists cannot and development, other delegations felt At the start of the Meyrin confer- 
trace future effects of past exposure as the development costs to booster sys- ence, only 10 nations were a 
the subjects age normally. tems might drive some of the smaller by official delegations, with Spain sit 
Official statements said planned ex- nations from participation. Cost ting im as an observer. Durning the 
perimentation had been completed by putting the center into operation alone course of the sessions, however, it was 
noon Dec. 2, Moscow time, when re-| re estimated at approximately $7 |. accepted as a full member. Any future 
entry command was sent. Descent did lion. Other countries, notably Great admissions to the group must be unan- 
not follow the programed trajectory. Britain and France, hope to sel] ti imously approved by the present 1] 
center the booster system it will need to members. 
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—_ mien Se the Ministry for a credit guarantee that gh RES 9 
Dis« overel X\ iil would have financed development of XLR-99 X-15 Flight 


Reported in Orbit two prototype aircraft and ga West Edwards AFB, Calif.—After complet- 


Sidiadiveids SURE ‘ade tented Germany a jet transport of its own de ing a third successful flight with the 
SCOVCTC aS TepoTred in OF- sign larger. 57.000 It h XLR.99 — 
i arger, : ». thrust ALK- engine, 
bit following launch last week from The company told the Ministry the No. 2 X-15 has been accepted by 
Vandenberg AFB, Calif First signal it was in a good competitive position he Air Paces Gor tumneeer te Patient 
fr 1 g Ni \ ae Cl ‘ " a P . 
from the orbiting satellite was received for the production of a twin-engine, Acronautics and Space Administration 
at Kodiak Station in the Aleutions. Air medium-range jet transport when it first in about four to six weeks. This flight 
( by Ss eX] . tey t Yr ry ; ts . t 0 ” : 
Force wa ag to attempt recovery nade it application for support tw completed the North American Avia 
ri oad 4 y i t < ) t ) " 
f the pavloac “eh F vears ago, but that it was now far be tion demonstration flight portion of th 
Orbital period of the 300-Ib. satellit hind the Seid program on the No. 2 aircraft. 
vehicle is 94 min., apogee is 45 1 The HFB-314 never progressed be During the flight last week, two com- 
ind perigee is 150 mi vond the model stage, and Hamburger plete engine shutdowns and restarts were 
rer ’ hoost ’ . lnezeug! ] <t} tec thre Od ‘ 
‘ Discoverer X\ an Pre, ter had ! UgZeUg - cosey estimated the accomplished in the seven-minute pow 
‘ y r ‘ iT ’ 
fined Rocketdyne \-11 engine —_ d need orders for a minimum of cred flight, Most of the flight was at 
» { r more } rat . . ‘ring } nr 
livering 165,000 Ib. thrust, 1 vor 10 uircraft before ordering it into pr $0,000 ft. altitude with the speed 
than that available from previous Thor duction brakes on, after launch from the B-52 
engines mother ship at 45,000 ft. A maximum 


No Production Planned altitude of 60,000 ft, and a maximum 


speed of Mach 2.9 were attained. Just 


\ est Germans Drop For Aerospace Corp. prior to engine burnout, pilot Scott 
Jet l'ransport Plan Crossheld advanced to full throttle for 


Washington—Acrospace Corp., t! a few seconds. 











Hamburg — Hamburger Flugzeugbau nonprofit firm that will perfor 
is abandoning its hopes of building the engineering and technical dir 
70-passenger, Mach .9 HFB-314 jet Air Force ballistic missile and space that the term “systems enginecring and 


transport because of lack of support programs, will never engage in manu technical direction” is a “potentially 
from the West German Federal E« facturing, President Ivan A. Getting troublesome” bit of semantics We 
nomic Ministry issured industry at the American Rocket recognize the happs fact of life that in 
Officials of the firm said last week Society's annual meeting last week dustry is very competent in all of the 
they have withdrawn an application to Getting also said Aerospace is aware areas of our present space technology,” 
Getting said. “We will not attempt th 
frustration-provoking exercise of tell 
ing the contractor te to do step bv 
step, tasks they are fully competent to 

do by themselves.” 

Getting said the company's task di 
vides into the following three main ele 
ments 
© Advanced planning and systems © 
search. This includes assisting USAF 
in formulation of new weapon system 
concepts and preparation of specifica- 
tions, using ideas originating from any 
source, and evaluation of both solicited 
and unsolicited technical proposals 
This “initial systems engineering” can 
be done “objectively by a privileged but 
non-competitive organization,” he de- 
clared 
© Engineering. This involves integra- 
tion of associate contractors’ designs, 
resolution of “interface problems,”” es 
tablishing of milestones and supervi 
sion of systems tests, Again Getting 
said that “only a non-competitive or 
ganization can approach this task with 
the necessary objectivity.” Aerospace 
Corp. was created because its predeces- 
sor, Space Technology Laboratories, 
Inc., was never able to attain to in 
dusty’s complete satisfaction either 

Pioneer VI Set for Dec. 14 Launch “the | in-fact objectivity that was de 
sired” or “no less important, the ap 

Atlas Able V’s Pioneer VI paylead is scheduled to be injected into orbit following launch pearance of that objectivity.” 
from Cape Canaveral on Dec. 14. Payload will include a new experiment—a solid-state © Research. The company and its staff 
silicon detector devised by the University of Chicago—developed to distinguish protons must be a part of the scientific com 
from electrons and identify proton flux energies in the range of 0.5 to 9 mev. Solid-state munitv’” because it cannot do its other 
detector was not included in previous 388-Ib. Pioneer VI payload, which failed to achieve jobs with full effectiveness “unless the 


orbit in Sept. 25th firing. Pioneer VI is programed to be put into orbit around the moon impact of advancing science is continu 
with an apolune of 5,700 mi. and a perilune of about 3,800 mi. (AW Sept. 12, p. 56). uusly brought to bear,” Getting said 
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First Photos of Atom Bombs Dropped on Japan 


Atomic Energy Commission I-st week released the first pictures 
#f the historical atomic bomb types detonated over Hiroshima and 
Nagasaki, the first and only nuclear weapons ever utilized in war- 
fare. They killed a total of over 100,000 in the two citics and 
brought World War II to an end. The Little Boy type droppx 

1 Hiroshima Aug. 6, 1945 (above) was a uranium bomb weighin 

mit 9,000 Ib. It was 10 ft. long and 2 ft. 4 in. in diameter 
She Fat Man type dropped on Nagasaki three days later (below 
oy ighed about 10,000 Ib. and was a plutonium bomb. It was It 
4 8 in. long and 5 ft. in diameter. AEC declassified data on the 

mbs in 1958 (AW Oct. 17, p. 25). The commission, largely on 
Nie advice of State Department, has refused previously to releas: 
pictures or replicas of the bombs on the grounds that this “would 
give the appearance of gloating or boasting about the weapons 
side of atomic energy use” and “would afford an opening for anti 
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able impact 
the Departm 
vould be m 
Porter (D.-Or 
nittee, headed 
sional pressur 
display of the 
Enola Gay 
reconditioned 
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la around the world.” State has been par- 
that a pictorial display would be “misinter- 
play commemorating the use of the bombs.” 
release on the eve of the anniversary of Pearl 
the anniversary of their use, AEC observed: 
ossibility that this may result in some unfavor- 
e position of the United States in the Far East, 

State has concluded that possible reaction 
| by a release at this time.” Rep. Charles 
| the House Government Information Subcom. 
Rep. John Moss (D.-Calif.), have led congres- 


release. Porter has also unsuccessfully urged 2 


types at the Smithsonian Institution. ‘Ihe B-29 
pped the bombs on both cities is being 


ermanent display at the Institution. 








Glennan Clarifies Orbital Areas 


For Communications Satellites 


Washington—Recent move into the 
ictive communication satellite field by 
National Aeronautics and Space Ad- 
ministration is aimed initially at low- 
iltitude orbits of 2,000 to 6,000 mi. In 
contrast, Defense Department's Project 
Advent communications satellite is in- 
tended for a 22,300-mi. synchronous 
orbit, but this demarcation is not 
necessarily permanent 

This was disclosed in 
from NASA Administrator 1 
Glennan in reply to questions 
sible overlap and duplication 
communications satellite field 
Vice President-elect Lyndon 
chairman of the Senate 
Acronaut! Spac 
letter to Gl 


1 the “dem 


1 recent letter 
Keith 
nti pos- 
in the ac- 
tive 
raised by 
B. Johnson, 
Committee on 
Sciences, in a 
Glennan sai 
dynamic one and it must n 
commodate rapidly cl 
ments in technology.” 
currently has no 
hardware development or flight ti 
at high altitudes, “NASA's plans and 
research will not overlook the applica- 
tion of such 


uses.” 


NASA Agreement 
When NASA originalls estab- 


lished, it was agreed that it would pur- 
sue passive (reflector) tvpe ' 
tion satellites whil 
Department concentr 

type. At that tir 

ind Army had 
communication 

Early tt 
decided 

ous orbit, 22 
Thiet 

] 


immediat 


{ 
systems to non-tmulitary 


lis vea 
to con 
satellite and t I v-altitude 
orbit projects 

Several y 
was expected to be 
tvpx i 
use, but more recel th; ncTi nN lel 
phone & Tclegray o., and 
have shifted to acti the more 
promising 

NASA _ hop 
communication 
the current fiscal ve 
it with Fiscal 1962 funds, 
The timing depends on 
funds and launch vehicles 
launching facilities 


ite Hhite 


nomical 


ears ag 


ry commer ifion 


thers, 


ntinuc 
slennan said 


Need for Research 

Asked whether NASA will engage in 
development work in areas where pri 
vate industry plans to carry on develop 
ments for commercial operations, Glen 
nan said that considerable research and 
development must be accomplished be 
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fore an operational communications sys- 
tem can be brought into being and that 
it is too early to assess the respective 
contributions of private enterprise and 
NASA in this field. 

NASA’s program, Glennan _ said, 
“should stimulate those developments 
which promise early economic benefits 
to our citizens,” and he said that coop 
erative efforts between government and 
industry, in space activities, should be 
encouraged whenever possible 


Possible Duplication 


In reply to the question of possible 
duplication or overlap between NASA 
and Defense Department 
tion satellite programs, Glennan sai 
that the technical requirements fo 
communication satellite 
The Unmanned 


communica 
} 


military and 
differ in many respects 
Satellite Panel of the Aeronautics and 
Astronautics Coordinating Board 
directly engaged in facilitating the co 
ordination of NASA-Defense work on 
communication _ satellites,” Glennan 
noted 


rhe issue of potentially duplicative 
will be resolved by discus- 

agreements between the 
initiated through this 


activities 
SONS and 
two agencies 
board. 

Johnson's letter to Glennan followed 
the NASA administrator's Oct. 12 
specch in which he outlined the 
agency's future communication | satel- 
lite policies. This included an offer of 
joint NASA-industry programs in which 
NASA would provide launching facili- 
ties at cost. In reply to Johnson's ques- 
tion whether this proposal to provide 
launch vehicles, facilities and services 
on a cost-reimbursable basis represented 
official executive branch policy, Glen 
nan said that it did but that “any final 

will most certainly have 

speciic approval before funds or other 
legislative actions are requested.”” Glen 
iid that NASA's existing statutory 
“appears sufficiently broad” 
to cover such a program 

Prior to Glennan’s Oct. 12 
ment, there had been concern 
ficials of AT&T and other 
cial communications firms that t 
ernment might use the 
tions satellite as a wedge for entering 
the commercial communications field 
Glennan’s statement therefore was 
warmly received 


shart 
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Sovereignty Called Space Law Key 


Washington—Basic legal problems in 
space are concerned with establishing 
the upper limit of territorial sovereignty 
but the time has not arrived for de- 
cloping international space law in this 
3 other areas, according to the Amer- 
can Bar Foundation 

Ihe bar foundation report and recent 
indicate a trend away 
from limitless sovereignty claims by 
nations and toward agreement that 
sovereignty ends at an altitude some 
where below the lower orbiting environ- 
limit—about 90 mi. above the 


egal discussion 


mental 
earth 

The research effort by the bar 
foundation is a comprehensive analysis 
of existing international literature on 
space law. It is the second in a series 
of social and economics studies being 
funded by the National Acronautics and 
Space Administration through its com- 
mittee on long-range studies (AW Nov 
21, p. 28). 

The foundation reaches few conclu- 
sions in the work, but the most signi- 
ficant is the warning that experience in 
space is too meager to attempt to arrive 
at an international space law. In addi- 
tion to an agreed definition of sover- 
eignty, such a comprehensive agreement 
will hinge on these basic problems 
¢ Defining peaceful vs. military use of 
space. 
e Rcdio and 


spectrum management 


radio and television relay satellites 

© Conservation of space. 

e Weather forecasting and control 

@ Safety standards and damage claims 
© Repossession of projectiles and repa- 
triation of personnel 

@ Observation satellites. 

@ International coordination. 


Legal Observations 


The report appraises current legal 
observations of these problems, and it 
contains abstracts of 892 articles which 
form the basis for the appraisal 

The study has been in preparation 
since 1958 when the American Bar 
Assn., afhliated with the foundation, 
began a systematic survey of literature 
as a first step toward developing recom- 
mendations for a law on outer space. 
NASA assumed funding responsibility 
early last year 

Legal experts feel that any definitive 
progress in arriving at international 
agreements will be made through the 
United Nations General Assembly, 
which established legal, techmical and 
conference committees on the peaceful 
uses of outer space a year ago 

NASA General Counsel John A. 
Johnson called the report the most 
comprehensive made on the general 
subject of space law, and he said it will 
be an excellent departure point for a 
continuing systematic study. 
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First Orbital Scout Launching 
Terminated by Ignition Failure 


Wallops Island, Va.—First attempt 
to qualify the four-stage Scout rocket 
for satellite missions failed when the 
second stage _— failed to ignite, 
terminating a flight designed to launch 
an 87-lb. payload into an elliptical orbit. 

The solid fuel research vehicle was 
launched Dec. 4 from this National 
Acronautics and Space Administration 
test facility. Payioad included a 14-Ib., 
12-ft. inflatable sphere which was to 
have measured air density and drag in 
its orbital area—410-1,275 mi. 

Malfunction was traced to the igni- 
tion system. Neither second nor third 
Stages ignited as programed during 
the 250 sec. before impact. Because of 
the high reliability of engine igniters, 
it is considered unlikely that the cause 
of failure was in the engines. It was 
probably in the vehicle ignition cir- 
cuitry 

Launch at 80.69 deg. clevation was 
due cast. It followed a series of count- 
down delays, only one of which was 
extensive. Hold of several hours came 
when the count was in the last 90 sec. 
It was caused by failure of a telltale 
light to respond to the order to uncage 
yaw gyros. It was necessary to discharge 
batteries and put the vehicle back in a 
vertical position before workmen could 
correct the fault 

Actual trajectory took the system to 
an altitude of 215,000 ft. and range of 
80 mi. Impact came 250 sec. after 
launch 


Algol Motor 


Acrojet-General first stage Algol mo- 
tor, with 115,000-Ib. thrust and total 


impulse of 4 million Ib., performed as 
programed with a 44.2 sec. burnin 
time. Burnout was visible at 70,00 
ft.. and a 25.6 sec. coast period was 
programed before second stage igni- 
tion, scheduled at 130,000 ft. 

Scout second stage Thiokol Castor 
engine also has been used in a cluster 
in NASA's Little Joe program. It was 
programed to ignite 69.8 sec. after 
liftoff, separate the upper stages from 
the empty Algol and develop 55,000 
Ib. thrust during the 41 sec. burning 
time 

Hercules-Allegany Ballistics Labora- 
tory third stage, 13,600-Ib. thrust An- 
tares was to ignite five seconds after 
Castor burnout at 315,000-ft. altitude. 
Antares was to have burned 39.4 sec. 
aud to have coasted 389.4 sec. to the 
injection altitude of 357 naut. mi. 
ABL 3,000-Ib. thrust Altair was to have 
injected the payload into orbit. 

Injection was programed 10.5 min. 
after launch, with activation of payload 


inflation beginning 6 sec. later an 


being completed in 262 sec. 
Test was the third of eight flight 
the development program, which 


cludes one more under NASA manag 


ment. The remainder will be < 
ducted by the Astronautics Division 
Chance Vought Corp. Next Scout 
hicle will be a probe carrying a m 
metorite impact measurement pay! 


Scout's Importance 
NASA's first orbital attempt f 


Wallops Island also was the first tis 
the agency tried to launch a satellit 


payload developed by its own scient 
with a launch vehicle developed 
house. NASA is banking heavil) 
Scout for a variety of orbital, px 
and re-entry applications. It also i 
be used as a means of cementing 
lations with nations in a position 
develop payloads, but unable to sup; 
the cost of booster 
NASA hopes to bring the cost of « 
vehicle below $1 
with $3.5-5 million for launch syst 
based on Atlas, Thor and Jupite: 
hicles 
The same NASA team that 

veloped the 100-ft. Echo I satellite 


prepared the 12-ft. sphere payload { 


Scout. The sphere, based on the B 
con payload, has not had a chance 
operate in three launches. A Jupiter 
launch with Beacon failed in 19 





Advanced Scout Study 

Wallops Island, Va.—Studies of an ad- 
vanced version of the solid fuel Scout 
which would give the vehicle 100 Ib. 
greater orbital payload capability than 
presently are now under way. Growth 
from 150 Ib. to 250 Ib. in payload weight 
for a 300-mi. orbit would come from up- 
rated third and fourth stage motors, and 
reduction of inert material weight in 
first stage propellant to allow for in- 
creased aluminum additive weight. If 
National Aeronautics and Space Admin- 
istration, Air Force and Navy are suffi- 
ciently interested in the advanced ver- 
sion, it could be produced in 18 months. 

Scout also may get control capability 
for launching satellites into equatorial 
orbits from Wallops. This can be done 
by installing a programmer to control the 
third stage roll jets. 











developmen 


million, compar 


ind a Juno II launch failed last year. 
Unlike Echo I, the Scout payload 
1s a four-layer structure which would 
igh 6,000 Ib. if it were as big as 

Echo. William J. O’Sullivan, Jr., who 


heads the inflatable structures group 


t NASA’s Langley Research Center, 
iid Echo II will use stiffening tech- 
iiques developed on the Scout 12-ft. 
phere. 

The 12-ft. sphere is made of two 


layers of Mylar film and two layers of 


luminum foil. Echo I weighs 132 Ib 
nd was made of Mylar with an alumi- 
ium deposit. Echo II will probably be 
135 ft. in diameter, with a layer of 
Mylar sandwiched between two lay- 


ers of aluminum. 


FOUR-STAGE orbital Scout rocket is launched from NASA’s Wallops Island, Va., facility. 





Symington Plan Faces Stiff Opposition 


By Ford Eastman 


Washington—Proposals to streamline 
the Defense Department through major 
reorganization, recommended to Presi- 
dent-elect John F. Kennedy last week 
by Sen. Stuart Symington (D.-Mo.), will 
run into stiff opposition both in the 
Pentagon and in Congress 

Army and Navy and their conserva- 
tive supporters on Capitol Hill are ex- 
pected to conduct a bitter battle against 
anv moves that would tend to eliminate 
traditional individuality of the three 
services—which the Symington proposals 
most certainly would do. Air Force 
generally favors moves toward unifica- 
tion 

Reporting to Kennedy on the results 
of a study he ordered last summer (AW 
Sept. 19, p. 29), Sen. Symington recom- 
mended these major changes 
¢ Elimination of the present depart- 
mental structure of the three services, 
preserving them as separate units within 
a more powerful, highly centralized De- 
fense Department. The 15 service sec- 
retaries, under secretaries and assistant 
secretaries would be eliminated 
e Replacement of the Joint Chiefs of 
Staff with a Joint Staff headed by a 
single chief who would be chairman of 
the Joint Staff 
e Establishment of unified strategic, 
tactical, defense and National Guard- 
Reserve commands, each including cle 
ments of the three services. There also 
would be directorates for research and 
engineering, production and 
ment and facilities and installations 
© Revision of Defense Department 
budgetary procedures 

Sen. Symington said further study 
will be needed to determine how much 
of the reorganization could be accom- 
plished by presidential directive based 
on existing legislation and what new 
legislation would be required 


proc ure- 


Major Opposition 

The Symington plan is similar to 
measures previously introduced in Con- 
gress which have been opposed in many 
military quarters as well as by some 
members of the House and Senate (AW 
Aug. 15, p. 29). The major part of the 
opposition is expected to be directed at 
elimination of the service secretaries 
and departmental structure, and of the 
Joint Chiefs of Staff, and revision of 
the budgetary procedure, although each 
has come in for considerable criticism 
from Congress in the past 

Initial reaction to the Symington re- 
port was cautious, and official state- 
ments from military leaders and mem- 
bers of Congress were sparse. Kennedy's 
only comment when he received the 


34 


report was that it was an “interesting 
and constructive” proposal and that he 
was sure it would be carefully analyzed 


, by Congress and his new administra 


hon 

The radical Symington proposals un- 
doubtedly were made public at this 
point as a trial balloon to determine 
public reaction to a drastic reorganiza- 
tion of the Defense Department before 
specific recommendations were trans 
mitted to the new Congress. The pro- 
posals probably will be moderated some 
what in an effort to reduce opposition 
and secure at least a partial reorganiza- 
hon 

Eisenhower Administration defense 
ofhcials generally maintain that the re 
organization launched in 1958 should 
be given a chance to work before fur- 
ther changes are made. Army Chief of 
Staff George H. Decker echoed this 
philosophy last week in Alaska when he 
said he feels “the department is still on 
its shakedown cruise.” 

Air Force generally favors changes 
such as those recommended by Svming 
ton. USAF studies indicate these moves 
would promote economy, efficiency and 
unity of effort, but detailed comment 
on the plant will await further study 


Navy's Views 

Navy completed a working paper last 
September which essentially opposed 
my drastic changes of the type sug- 
gested last week and agreed with De 
fense Secretary Thomas S. Gates in his 
plea for further trial of the 1958 re 
organization Nav y expec ts CIN ilian 
opinion to have the determining effect 
in the coming battle, largely because 
service opinion is already established 
while opimion outside the services re- 
mains to be tested. Air Force and Navy 
already are at work presenting their 





Saturn Glider Proposal 

Washington—Propusals for recovery of 
Saturn boosters by use of Rogallo-type 
cloth wings have been made to the 
National Acronautics and Space Admini- 
stration by Ryan Acronautical Corp. and 


North American Aviation. 

Rogallo wings, named for the head 
of the group which experimented with 
them at NASA’s Langley Research Cen- 
ter, can be carried in containers and de- 
ployed at supersonic speeds. The wing 
form permits glide at 25 to 50 kt. for- 
ward speed. This is one of several re- 
covery concepts being studied by NASA 
(see p. 82). 

Glider proposals call for boosters to 
land in the Grand Bahamas or return to 
Cape Canaveral after burnout. 











views on reorganization to influential 
civilians. 

Making his report public, Sen. Sym- 
ington said in any appraisal of the U.S 
military posture, one “salient” factor 
stands out above the rest—the three- 
fold significance of reaction time at this 
stage in history. First is the unprece- 
dented strategic value of time—the 
ability to react instantly against aggres- 
sion in this nuclear-space age; second is 
the crucial time element in the U.S. vs. 
Sovict arms race—the need for carly 
selection among alternative weapon sys 
tems and for shorter lead times between 
conception and use; third is the effect 
of time on defense cost 

Sen. Symington said the central 
theme of clarification and strengthen 
ing of the authority of the Secretary of 
Defense over the entire U.S. militar 
establishment has run through all past 
and current proposals to make the De- 
fense organization more effective 

Military services would be retained 
under the Symington plan, but the 
present departmental structure of the 
Air Force, Army and Navy would be 
climinated. This would do away with the 
present service secretaries, under secre- 
tarics and assistant secretaries. The serv- 
ices would remain separate organic 
units within a single department, 
headed by a chicf of staff and subject 
to the direction, authority and control 
of the Defense Secretary 


New Civilian Offices 

I'wo new under secretaries of defense 
would be created, one for weapon sys 
tems and one for administration. These 
two, along with the Defense Secretary 
ind Deputy Secretary comprise 
the statutory appointees in the de part 
ment. In addition, the Defense Secre- 
tary could designate such civilian assist 
necessary. The 

secretaries of 


would 


ants as he considers 
seven existing assistant 
defense would be eliminated and their 
functions would be absorbed by direc- 
torates set up under the two new under 
secretaries. Directorates would be sub- 
ject to change by the Defense Secretary 
and should not be frozen into a pattern 
fixed by legislation, the committee said. 
The under secretary for administra- 
tion would be responsible for such ac 
tivities as financial management (comp- 
troller), personnel, legal, transportation 
and communications, legislative, con- 
gressional liaison, public information, 
and health and medical. Thus, all mili- 
tary personnel would be subject to simi- 
lar recruitment practices, rules for 
training and length of service, pay for 
comparable responsibilities, and flexi- 
bility of assignment and transfer within 
and among the services and service 
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schools and academics. There would be 
unified direction and responsibility for 
all service schools and other military 
educational institutions. 

The under secretary for weapon sys 
tems would be responsible to the 
defense secretary for the complete cycle 
of weapons development, procurement 
and production and for construction 
and installations, including bases, hous- 
ing and depots. These activities would 
be managed through three directorates 
Rescarch and Engineering, Procurement 
and Production, and Facilities. The 
R&E Directorate would take over the 
functions now carried on by the present 
Director of Defense Research and Engi- 
neering and in addition would be re- 
sponsible for these activities now in the 
ofice of the defense secretary: the 
Science Advisory Board which was 
formerly the Strategic Missiles Evalua- 
tion Committee; Research and Develop- 
ment Policy Council; Defense Science 
Board, and the Ballistic Missile Com- 
mittee. Functions of the Advanced 
Research Projects Agency would be 
absorbed in this directorate 


Procurement and Production 


All Defense procurement and produc- 
tion functions would be the responsi- 
bility of the Procurement and Produc 
tion Directorate. The Directorate of 


Facilities would be responsible for the 
planning and construction of facilities 


for research and testing of weapons, 
industrial-type facilities for weapons 
production and maintenance, facilities 
tor weapons operation—such as missil 
and space vehicle launching installa- 
tions—and non-combatant facilities, 
uch as on- and off-base housing 

There would be a special assistant 
to the defense secretary for arms con- 
trol who would as the Defense 
haison in that with the Statc 
Department or other agencies. 

‘he Joint Chiefs of Staff would be 
reconstituted so the chairman of the 
Joint Chiefs would become chairman 
of the Joint Staff. He would be the 
principal military adviser to the Presi- 
dent and defense secretary. The chair- 
man of the joint staff would enlarge 
the staff “commensurate with the added 
responsibilities of the chairman.” The 
present authorized strength of the staff 
is 400 officers, plus civilian employes 
and enlisted personnel. 

Instead of presiding over the Joint 
Chiefs of Staff, the chairman would 
reside over a group of senior officers 
ce all services known as the Military 
Advisory Council. Each of the senior 
ofhcers would be appointed to the 
council by the President and would no 
longer have any functions or respon- 
sibilities in the service from which he 
came. 

These officers would never return to 
their services 


seTVC 
areca 
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There also are overtones of concer 


with Rolls, but mentioned only the 


RB.162 turbine for VTOL airframes 
The minister at the same tim 
contributed $800 
development over the past decade 


million to th 


the airframe for which it is intended. 


the importance of harmonizing civil 
Rolls believes the government 


received from the U. S. 
more than 1,000 civil aircraft out 
of power. 


ment in its industrial aid program, at k 
He noted that successive minister 
reinforcement of the industry at it: 
those companies which had show: 
reference to Rolls’ international act 


ities 





Rolls Seeks Government Financial Aid 


London—Rolls-Royce, Ltd., has told the British government it urgently needs 
substantial financial aid in development of civil aircraft turbine engines in its “battle 
for survival,” but response to the plea has been cool. 

The request by Rolls’ chief executive J. D. Pearson centered on the company’s 
turbofan family and on future requirements for supersonic transport powerplants. 
) about Bristol Siddeley’s increasing impact in 
the turbofan field with its BS 53 and BS 75 (see p. 119). 

Minister of Aviation Peter Thorneycroft said that negotiations are under way 
company’s RB.163 Spey turbofan, powerplant 
for the de Havilland DH-121 Trident jet transport. 

Engines involved in Rolls’ request for government help also may include the 


pointed out that the British government has 
idustry for aeronautical engine research and 

umd has recovered only $48 million. 

Pearson said cost of developing an engine now is as expensive as development of 

Clearly such an investment is unlikely 

to be recovered from a single aircraft project,” Pearson added, ‘and it emphasizes 

und military requirements.” 

hould give engine manufacturers an indication of 

powerplant requirements for the projected supersonic transport for which British 
Aircraft Corp. has been awarded initial contracts. 

Pearson stressed that risks and financing required for continued exploitation of 
Rolls’ position in the engine manufacturing field were beyond the company’s capacity, 
and he called for the same kind of help its major competitor, Pratt & Whitney, 
He pointed out that Rolls has supplied gas turbines for 
f a world total of 1,760 planes using this type 


Pearson's position could be considered a plea for preferential government treat- 
ast as far as engine development is concerned. 

had declared the government's aims to be the 
oints of strength and that largely meant helping 
ibility to succeed in world markets, an obvious 








Each of the services would 
Chief of Staff who would not 
the Joint Staff or the Military A 
Council, but who would report 
to the defense secretary 

There would be three unific 
mands and the commanders 
sort directly to the chairman 
oint Staff. These Comman 
Strategic, responsible for all 
missions; Tactical, responsible 
limited and conventional war n 
and Defense, responsible for all 
nental U.S. missions 


Other Commands 


Each of the unified commands 
include all personnel, equipment 
weapon systems required for th 
formance of its respective mission 
the extent that any regional o1 
specified commands would be req 
in addition to the unified comm 
their commanders would also 
directly to the chairman of th« 
Staff, and these specified comn 
would be omnnalad units ass 
from the unified commands 

There also would be a unified 
mand in charge of the National Guard 
and Reserve vb of all the ser 
In addition to its other functions 
command would be responsible for 


defense and would report directly to the 
chairman of the Joint Staff. 

The defense secretary would be re- 
quired to present to the appropriate 
committees of Congress a detailed ex- 
planation of the mulitary requirements 
for all missions and Defense Depart- 
ment operations prior to the presenta- 
tion of the defense budget to Congress. 
\t the present time, the services usually 
give a detailed explanation of their pro- 
grams and requirements to the con- 
gressional appropriations committees 
following submission of the budget to 
Congress, although the Armed Services 
Committees have held “posture” hear- 
ings earlier. However, Congress already 
had ordered in 1959 that, starting this 
next session, funds requested for pro- 
curement must be authorized by Con- 
gress first before the appropriations can 
be made. 

Appropriation Shift 

The appropriation of all defense 
funds would be made to the defense 
secretary. Presently, they are made to 
the services by title. Certain categories 
of the defense budget, such as research 
and development and long-lead time 
procurement, would be put on a multi- 
vear instead of a one-year justification 
and appropriation cycle. 
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NATO Dispersal Plan Keynotes 
Nuclear Stockpile, Logistics Need 


By Cecil Brownlow 


Paris—Need for a more flexible policy 
to mate nuclear warheads \ their 
delivery systems will become more 
acute during the next few years as the 
North Atlantic Treaty Organization 
disperses its forces more and more in 
an effort to minimize the 
would sustain in any initial attack 

Aside from the political and psycho 
logical implications involved, this fact 
doubtlessly was one of the major 
reasons behind the proposal of Gen. 
Lauris Norstad, supreme allied com- 
mander in Europe, that NATO be 
made the world’s fourth nuclear power 
(AW Dec. 5, p. 29). 

Under the present stockpili 
gram largely dictated by U 
which demands that American nu 
remain under U.S 
atomic warhe 


vith 


1 
losses it 


weapons 
at all times, most 
central storage areas S| 

nathons—¢ 


} } = tenes 
thev have been bann 


held in ‘ 
in European NATO 
France, where | 
by French President Charles de Gaulle, 
Norway and Denmark whi 


of foreign troops 


ind m 
the presence 
hibited 

In times of crisis, 
NATO official, ~ WE 
where they are closer 

sumably on tl 
The central stockpile 
backed by an 


designed to get the 


1 
elaborate logist 
warheads to t 
delivery svstems as 
the need should arise 
warning 
Most Western off 

m to feel that at leas 
intelligence warning will be uilab 
One said last week: “If he [Khrushches 
shifts his power, we get word of it and 


id ince 


shift according], 


Fourth Force Upheld 


The plan for a fourth atomic force, 


tl would help our problem 


is NATO's 
but, 


ier said, 


an 
1 bit,” particularly 


qu tc 
capability for 
if we don’t get it, we can 
present syst z 

Increased 
tion will be very heavily it 
tion during the next few years 
ably will include Polaris solid-prop« 
intermediate range ballistic missiles 
stationed aboard railway flat cars and 
on barges with as little reliance as 
possible on fixed bases 

On the European continent itself- 
independent of backup Strategic Air 
Command and British Bomber Com- 


} 
mobility improves, 


live with the 
em 
obilitv—“and our 
mobuity and ul 


} 
Lire 
1 this dire 


prob 
1} 
llant 
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mand strategic forces—NATO alread 
has “a pretty substantial strike capa- 
bility,” according to officials here 

Aside from U.S. forces in the area 
which provide by far the greatest 
punch, other nations which have or 
will soon receive a tactical atomic strike 
capability include Germany, Italy, 
Belgium, Holland, Greece and Turkey 
Plans also provide for rushing nuclear 
warheads into France and the two 
Scandinavian NATO members in an\ 
emergency where the danger of war is 
considered imminent. In anv war, on 
official “France would have a 
nuclear capability.” 


says, 


French Atomic Force 


French government’s plan to develop 
in atomic strike force won its third 
ipproval by the National Assembly and 
thus becomes law despite the bill's 
double defeat in the French senate 

Political and technical battle over the 
program, which the five-vear 
from January, 1960, to January 
1965, has created doubts about the 
future of the force concept (AW Oct 
31, p. 34) ; 

Most political observers, for 
igre Assembly ay 
been withheld except that man 
puties, who argued against the govern 

develop an ind 
pendent nuclear deterrent, nonetheless 
backed the bill in order to avoid a 


covers 


period 


yproval woul 


vent’s desire to 


political crisis in light of the Algerian 
problem 

Earlier, French Defense Minister 
Pierre Messmer told the Western 
European Assembly meeting here that 
France's insistence upon developing 
an independent nuclear capability 
does not mean that she will block 
efforts to find an “arrangement” with 
ether NATO nations as to its control 


NATO Strike Force 


French delegates to the Assembly 
also approved a resolution recommend- 
ing the organization of a NATO strik- 
ing force under the equal control of 
the 15 member nations. Of the seven 
countries represented at the confer- 
ence—France, Great Britain, West 
Germany, Italy, Belgium, The Nether- 
lands and Luxembourg—all but the 
United Kingdom delegation supported 
the recommendation 

Gen. Norstad told the 
that a mobile NATO strike 
now being cquipped with nuclear, as 
well as conventional, weapons. Plans 
for the force, originally drafted last 
spring, call for it to reach a total of 
ipproximately 4,000 men drawn from 

of NATO nations. Under 
mditions, nuclear warheads 
control. 
proposal to 


Assembly 


force 1s 


1 number 
present 
nust remain under U. § 
Gen. Norstad’s 
NATO the fourth nuclear power is ex- 
pected to be detail 
it the annual ministerial meeting which 
mvenes here late this weck. However, 
as to whether to adopt 
before 


make 


discussed im sone 


1 final decision 
program 
nnual def boos innate 

he annual defense ministers mecting 


n March 


is not expected 


Douglas Cuts Work Force by 2,300 


Long Beach, Calif.—Cutback in 
Douglas DC-5 jet transport production 
from eight to four aircraft per month 
coupled with the phase-out of C-133B 
production because of a lack of new or 
follow-on orders, has caused Douglas 
Aircraft Co. to cut its work force here 
by more than 2,300 workers. Layoff of 

0 persons last Friday, in addition to 
the layoff of 1,609 employes the preced 
ng Friday, leaves a total work force of 
ipproximately 12,100 at the company’s 
plant here 

Last week's layoff included 550 cleri 
cal workers and 150 production lin 
workers. Most of those previously laid 
off were production workers 

Production of the C-133B will be 
phased-out about Mar. 1, 1961, if no 
follow-on orders are forthcoming. DC-8 
production schedule was changed Dex 
| to the rate of four per month sinc« 
no new orders had been received for 
the jet transport. With present sched- 
uling on existing DC-8 orders, the pro- 


program will continue into 

Promised delivery dates will be 
by present production scheduling 
f four aircraft per month. The sched- 
uling rate change from eight to four 
per month was laid down by Douglas 
management more than a vear ago 

Douglas will not comment, but 
\wiAT1IOn Week has learned that the 
present four per month rate probably 
vill drop to three and possibly two air- 
craft per month in the late spring of 
1961 

As of last Friday, Douglas will have 
dropped 5,600 from the Long Beach 
payroll since last Sept. 4, when employ- 
ment totaled 17,700. Peak postwar em- 
ployment figure for Long Beach was 
23,300 in August, 1959. 

Possibility of immediate work in the 
Long Beach plant through an order for 
1 swing-tail turbojet cargo transport ap- 
pears dim. Probabilitv is that such a 
manufacturing decision will await action 
by the new Kennedy Administration 


duction 
1962 


met 
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Board Investigates Titan Silo Blast: 
Cause May Be Fuel Tank Rupture 


Vandenberg AFB, Calif.—Under- 
ground explosion of a Titan SM-68 in- 
tercontinental ballistic missile during 
a test here may have been caused by 
the rupture of its propellant tanks when 
the launcher-clevator lowered the mis- 
sile to the bottom of its silo too rapidly. 

The explosion took place in the 
operational system test facility while 
contractor crews were running a pre- 
launch test which included calies 
the missile, raising it to the surface, 
and lowering it back into its silo. The 
clevator is supposed to lower the 98-ft 
missile to the bottom of the silo in 
exactly 90 sec. Observers and surviv- 
ing data cameras on the surface told 
this sequence of events: 
© Elevator and missile began to de 
scend 
© About 30 sec. later, observers noted 
that the descent accelerated and the 
missile was going down too rapidly 
@ At 45 sec., the nose cone disappeared 
below the surface ahead of schedule 
he last 60 or 70 ft. of descent was com- 
pleted in about 15 sec 
@At 53 sec. the missile exploded, 
spewing the clevator crib structure out 
of the silo, and destroying propellant 
ind equipment terminals and every- 
thing else on the launcher side of the 
underground blast locks. 


Investigation Board 


An investigating board made up of 
representatives of Air Research and De- 
velopment Command, Strategic Ait 
Command, Air Materic] Command and 
civilian contractors in the Titan pro- 
gram has not reached a firm conclusion 
about the cause of the explosion 
However, the average descent speed 
was about 4 fps. for the last 60 or 
70 ft. and the possibility of tank rup- 
ture produced by rapid deceleration at 
the sem of the silo is receiving 
thorough studv. 

The missile weighs 111 tons, of 
which more than 100 tons is propellant. 
The investigating board members re- 
called that an earlier Titan was de- 
stroyed at Cape Canaveral, Fla., after 
falling only 4 in. back to the pad when 
the first stage engines shut down auto- 
matically because of premature release 
of the hold-down clamps. 

If it can be shown that impact or 
overly rapid a at the bottom of 
the silo caused a tank rupture, the board 
will have to determine ons the spilled 
kerosene and liquid oxygen were ig- 
nited. There are reported to be pro- 
pellant line heaters and other hot 
equipments within the silo, but impact 
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alone can cause ignition if impact i 
severe enough. 

The board may not be able to 
why the clevator oversped | 
equipment was demolished by th 
It had performed well in carlicr 
with loaded missiles Investigat 
could not enter the blast area 
the day after the explosion 
liquid oxygen continued to 
underground and the fire haz 
mained high 

The Titan was scheduled 
launched several days later fror 
launcher in which it exploded 
launch already had been p 
several times because of bad 
and trouble with instrumentation 


} 


Disaster Plan 


Spokesmen for Air Force B 
Missile Division of ARDC and M 
Co., designer of the missile, sa 
of the objectives for which th 
facility had been desijmed had 
been attained. No decision ha 
made about those not vet reach 
an Air Force officer told Avi 
Week that there is a longst 
disaster plan which offers sever 


ternatives. Titan training facility TF 
395A immediately adjacent to the test 
site may be used for some of the tests 
but in others the high cost of instru- 
menting a training facility for develop- 
ment tests may require other answers. 
No effort to reconstruct the test facil- 
ity is expected. 

Static firing of Titan engines in the 
silo launch test facility (SLTF) 1,200 
ft. northwest of the silo was scheduled 
for this week but will be postponed un- 
til the investigating board hands in its 
report. 

The SLTF is to be used in de- 
veloping the technique of launching 
Titan II from within the silo. 


Damage Estimate 


Total damage done by the blast last 
week may reach $8 million, but an in- 
dustry official points out that dollar 
estimates of damage to a development 
facility are always misleading. A true 
estimate would have to account for 
the per cent of development work com- 
pleted in the facility and the effect of 
these delays imposed on program 
chedules. 

No one was injured in the explosion 
because all crewmen were inside the 
underground control center 890 ft. 
iway. Shock waves and fumes were kept 
from the control center by blast locks 
midwav in the tunnel between the 
ontrol center and the silo. 


News Digest 





B-70 alert pod contract has b« 
instated with Beech Aircraft Cor 
North American Aviation. Pod 
vides all integrated prime pow: 
functions to start the B-70's 
simultaneously, maintain elect 
equipment in “warm-up” condition 
support the bomber’s environn 
control system. The alert pod 
be carried by the bomber, but 
has self-propelled mobility on 
ground 


Peru has contracted to purcha 
T-37 jet trainer aircraft from C 
Aviation Co. Although Cessna off 
declined to comment on the contr 
it was learned that the contract 
been signed and an export licens: 
tained for the aircraft. 


T. Roland Berner, who ousted Roy 


Hurley from Curtiss-Wright Corp 
spring, was elected president of 
company last week. Berner origi: 
had taken over the chairmanship 

the search for a new chief executi 

on, but was asked by the board to tak 
over the job himself on the basis of | 
work in reorganizing the company 


Directors of North American Avia- 
tion, Inc., have named J. L. Atwood, 
president, as chief executive officer of 
the company. J. H. Kindelberger, 
chairman of the board since 1958, will 
remain chairman of the board and ex- 
ecutive committee. 


Polaris A2 test vehicle flew 1,600 
mi. downrange from Cape Canaveral 
last week. 


Navy task force composed of the 
carrier Wasp and four destroyers was 
withdrawn last week from a patrol of 
the Caribbean area designed to protect 
Guatamala and Nicaragua from pos- 
sible invasion. It was stated that White 
House said the countries involved had 
declared the emergency enc 


New antenna arrays will be iisii:led 
it all Minitrack stations by next June 
to convert tracking frequencies to 136- 
137 me. from the crowded 108 mc. 
spectrum. Six stations already have 136 
me. tracking ability. Shift is a 
made at the request of the Federa 
Communications Commission. 
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AIR TRANSPORT 


nang a 


FIRST TWO Ilyushin [1-18 turboprop transports for Ghana Airways were exhibited at Moscow's Sheremetyevo Airport with the airline's 
markings before their flight to Accra. Russia expects to turn over another pair of [118s to the African carrier “in the near future.” 
Russian crews making the ferry trips to Accra will remain in Africa to train Ghana Airways personnel in 11-18 operations. 


Ghana Builds Flag Carrier for ‘Prestige’ 


Ghana Airways plans mixture of Soviet, Western 
transports, admits that line will not show profit. 


By Robert E. Farrell 


Accra, Ghana—State-owned Ghana Airways plans to use Soviet and 
Western turboprop and jet aircraft in a costly and somewhat confused 
expansion program designed to convert the airline from a regional to an 


international operator 


Formed two years ago, when Ghana proclaimed its independence within 
the British Commonwealth, the west African carrier now is being wielded 
as a “prestige instrument” by the nationalistic-minded government of Presi- 
dent Kwame Nkrumah. Ghanaian officials flatly admit that Ghana Airways 


“is not a commercial operation and isn’t trying to be one.” 


Moreover, they 


boast that substantial losses are going to be underwritten in order to make 
Ghana Airways the dominant carrier of independent Africa. 


To achieve this stature, the Ghanaian 
government already has launched into 
an equipment-buying spree and is b 
ginning to plan a staggering network 
of routes aimed at linking Accra with 
major capitals on both sides of the Iron 
Curtain. One Western aviation ob- 
server here describes the vernment' s 
aviation policy as “first buy new equip- 
ment, then see where you can fly it to.” 

Main topic of aviation conversation 
here is the government's purchase of 
six Russian [1-18 turbopr D ill of 
which are slated for delivery by vear 
end. Although no official figures have 
been released on II-18 purchase or 
operating costs, reliable aviation ob 
servers in Accra gave AVIATION WeEEFK 
the following information 

Purchase price for cach aircraft 
amounted to $1,820,000, payable with 
in eight years at an interest rate of 
2.5%. Purchase price includes use of 
one full crew for nine with 
Ghanaian government 
use of Russian air crews after the initial 
nine-month period. For the six air- 


months 
paying for the 
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craft about 90 Soviet air and ground 
personnel will be needed. Aircraft, at 
least initially, will be maintained in 
Moscow 

A limited amount of air crew 
ing for selected Ghanaian candidates 
vill be provided in the Sovict Union 
This training, however, is to be paid 
for separately by Ghana 

Widely uneconomic” is the 
one informed aviation 
describing operating costs of the I-15 
Getting hold of such figures, however 
is extremely difficult in Accra. No official 
is willing to be quoted publicly on th 
Ilyushin operation, Aviation Week 
was told that the heavy cost item cen- 
ters on the II-18s’ four Ivchenko 4,000 
shp. turboprop engines 

According to those sources, Russian 
ire recommending major engine over 
hauls after 500 hr. and complete scrap 
ping of the engine after 2,000 hr. Cost 
of the engine reportedly is $92,400 
Since Ghana Airways is hoping to get 
2,000 hr. utilization annually 


train 


phrase 


source used in 


ibout 


out of each II-18, this theoretically 
could mean an annual engine replace- 
ment cost of over $2 million for the 
entire six aircraft 
No source was aware of any deal 
under which the Russians allowed a 
“trade-in” cash value on scrapped en- 
gines 
Ghanaian officials, when confronted 
with these I-18 cost figures, refuse to 
comment on them. They merely fall 
back on stated government policy that 
Ghana Airways “is not a commercial 
operation.” This attitude is reflected in 
the government's attitude toward the 
carrier's annual operating deficit. This 
figure, roughly $200,000 shortly after 
the operation got under way in 1958, 
has been declining steadily year-by-year 
But now that the government has de- 
cided to “go international,” carrier of- 
ficials are projecting an annual operat- 
ing deficit of over $3 million for 196] 
Reported heavy operating costs of 
the Il-18s aren't the only reason the 
projecting heavy operating 
defici Another contributing factor is 
the simple fact that Ghana Airways is 
changing rapidly from a regional car- 
ricr into an international operator 
Equipment, moreover, is being bought 
new routes have been laid 


mmicr 1S 
t 


even before 
out 

Until recently, Ghana Airways 
running a fairly modest operation in- 
volving four Douglas DC-3s and two 
de Havilland Herons. The DC-3 air- 
craft arc flown on a west African 
coastal route under a pool arrangement 
with Nigerian Airways. Herons are used 
mainly within Ghana Also, twice 
weekly Ghana Airways charters BOAC 
equipment — Britannia 102s — between 
Accra and London. These twice-weekh 
flights were operated by BOAC crew 
the aircraft carried Ghana <Air- 


was 


while 
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ways markings. This modest equip- 
ment and route setup is now under- 
going sweeping changes along these 
ines: 

© Two Bristol Britannia 300 series, de- 
livered in November. 

¢ Six Ilyushin 11-18 turboprop aircraft, 
all to be delivered by year-end. 

© Three Vickers’ Viscount 800 series, 
to be delivered in mid-1961 

© Two or three U. §. and/or British 
jets. Ghanaian officials say they are in- 
terested in Boeing’s 707 and Vickers 
VC-10. Talks with both companies are 
under way (see p. 50) 

Ghana government wants to buy 
Bocing 707-420 turbojets despite Boe- 
ing’s advice that the 720B intermediate 
range model is best suited to the needs 
of the flag carrier. Ghana officials admit 
they are attracted to the 707-420’s size, 
even though the Accra runway won't 
permit maximum takeoff weights for 
this airplane. Boeing also is discussing a 
limited amount of pilot training, if 
Ghana Airways orders its transports 

All of this equipment was ordered and 
paid for by the Ghanaian government, 
not by the airline. On some equipment, 
notably the I]-18s, the carrier wasn’t 
even consulted. Negotiations are car- 
ried out by the Mimster of Transport 
and Communications, _ leftist-lcaning 
Krobo Edusci, who also wields con- 
siderable influence in Ghanaian poli- 
tics. Edusei’s aviation policy seems to 
be aimed at equipping Ghana Airways 
with the “biggest and best” Soviet and 
Western aircraft, and then operating 
such aircraft into as many world capi 
tals as possible 

Despite Ghana Airways’ new equip- 
ment program, carrier officials are still 
extremely vague as to where the new 
aircraft are going to be operated. More- 
over, the operations and maintenance 
problems of the carrier are of a unique 
nature. BOAC officials, who run the 
airline under a management contract, 
maintain a pained silence when ques- 
tioned on how the carrier plans to oper- 
ate a fleet of aircraft flown by British 
and Russian pilots and maintained in 
London and Moscow 

On route structure, the only certainty 
is that the carrier's newly delivered 
Britannias will take over on the Accra- 
London twice-weekly run from the 
chartered BOAC operation. One route 
runs from Accra to London via Bar- 
celona. Second route goes from Accra 
to London via Tripoli and Rome. Car- 
rier does not have Fifth Freedom rights 
en route. 

Ghana Airways will operate this 
Accra-London service under a pool ar- 
rangement with BOAC, Carrier hopes 
to be able to offer nonstop Accra- 
London service next spring when a 
new runway at Accra will permit maxi- 
mum takeoff weights for the Britannia. 

Ghana Airways expects to be operat- 
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PanAm Near Order 
For New 707 


Pan American World Airways is close 
to signing an order for five and an option 
for five more turbofan-powered Bocing 
Intercontinental 707 jet transports fitted 
with full span leading edge flaps and 
modifications to contour and slots of the 
training edge flaps. 

The airplane, designated the 707 
321B, is not the same as the Boeing 
707-520B which Pan American was con 
sidering (AW Nov. 14, p. 52), and will 
be powered by the current version of the 
Pratt & Whitney JT3D-3 rather than 
the advanced JT3D-5 in the 707-520B. A 
foreign airline also is reported interested 
in a Conway-powered version of this air 
plane. 

Pan American probably will use the 
airplane in the Pacific, where it could fly 
New York-Honolulu t 
ently. 


nonstop con 











ing its fleet of I)-18s by year-end 
the moment it is expected the 
put on the west African coastal 
replacing the DC-3s. This rout 
ated in a pool agreement with N 
Airways, links Accra on the n 
Dakar, Bathurst, Conakry, Fr 
Robertsfield (Monrovia) and A 
and with Lagos, Nigeria, to th 
Il-18s will operate this route 
until the carrier takes delivery 
three Viscount 800s in mid-196] 

Outside of this established 
structure, the only new 
offing is one linking Accra to Be 
Kano, Nigeria; Khartoum, Suda 
perhaps Cairo 

This route is slated to be 
next spring with Britannia and p 
11-18 service 

The carrier, however, has 
by the government to prepare stu 
new routes from Accra toward su 
tant points as Moscow, New D 
Tokvo, Rio de Janeiro and even > 
York. It is with such routes in 
that Ghana is negotiating for long 1 
Bocing 707s and Vickers VC-10 

While the government is deter 
to build up Ghana Airways as 
national carrier it is also secking | 
Accra Airport on a par with ot! 
African airports such as Daka1 
Senegal and Kano in Nigeria 
this, the government has granted | 
Freedom rights virtually to any 
willing to fly into Accra. At the m 
12 carriers are now offering ser 
Accra 

Government also is about 
full Fifth Freedom rights to | 
Israel, United Arab Airlines and ¢ 
slovenske Acrolinie, the Czech Nat 
airline. CSA currently terminat 
Prague-west African service in (¢ 
kry, Guinea. 


rout 


her 


; 


This generous aviation policy already 
is hurting Ghana Airways. Carrier's 
biggest revenue gainer was its pool deal 
with BOAC on the Accra-London serv- 
ice. Yet the Ghanaian government 
waved aside carrier protests in granting 
KLM full rights on the Dutch carrier's 
new weekly service between Amsterdam 
ind Accra via Zurich and Tunis. 

Moreover, the Ghanaian “oper-door” 
aviation policy is beginning to annoy its 
big neighbor, newly-independent 
Nigeria. Latter country currently is 
following a much more conservative 
iviation policy in an attempt to build 
up a national carrier. Nigerian govern- 
ment reportedly feels that Ghana's 
ambitious plans are confusing the whole 
iviation picture in west Africa. 

Western observers in Accra also 
wonder whether the Ghanaian govern- 
ment fully understands the heavy 
financial load involved in its undertak- 
ing in beefing up Ghana Airways. 
Ghana admittedly is a fairly rich coun- 
try by west African standards. But 
the government is spending huge sums 
in fields other than aviation, and ob- 
servers wonder how long the govern- 
ment can underwrite Ghana Airways’ 
slated annual operating deficit. 

Moreover, the present aviation situ- 
ition in Ghana presents BOAC with a 
delicate problem. BOAC signed a 
seven-year management and training 
contract with the Ghanaian government 
when Ghana Airways was set up in 
1958. Contract was signed, however, be- 
fore BOAC was aware of the Ghanaian 
government's airline ambitions or its 
intention to operate Russian aircraft. 

Now, BOAC management personnel 
working for Ghana Airways find them- 
selves committed to run an airline whose 
important equipment and route deci- 
ions are often made without their 
knowledge. And if the whole costly 
operation collapses someday, it is only 
natural to expect the Ghanaian govern- 
ment to put the blame on the BOAC 
management. 

For the moment, BOAC seems re- 

gned to follow a tight-lipped policy. 
Moreover, if it decided to move out of 
ts management commitment it is prob- 

ble that the Russians would immedi- 
itely offer to move in. This transfer 
would be fairly easy to make since 
Russian aircraft and personnel already 
re being phased into Ghana Airways. 

Ghanaian government's new equip- 
ment purchases, moreover, emphasize 
the airline’s non-African character. Un- 
til recently only some 30 employes— 
mostly top management and pilots— 
were non-African out of a total of some 
350 employes. Now with nearly a hun- 
dred Russian air and ground crew- 
members moving in, plus British crews 
for the Britannias and Viscounts, the 
uirline is losing what little African color- 
ing it had. 
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BOEING 727 wingspan will be 108 ft. 7 in., over-all length 134 ft. 1 in., height from ground 33 ft. 9 in. and fuselage width 12 ft. 4 in. 
Maximum gross weight will be 142,000 Ib.; plane will cruise at 550-600 mph. 


Wing sweepback at the quarter chord will be 32 deg. 


Eastern, United Order Boeing 727 Jets 


By Glenn Garrison 


New York—Long-expected decision that Boeing Airplane Co. will build the 


short-medium range 727 jet 
Eastern Air Lines 


} 


three-turbofan powered airplane 


firmation that 


Eastern will buy 40 and United has 


for 20 more that will 
of the proposed Capital Airlines 
United of 


certain projected fin 
Pri tl 


e of the 50 plan \ 
totals 50 million 


more than $3 
- 


without spares sells for a 
lion. Delivery i heduled 
1963 (AW Oct. 10, p. 42 
Boeing President William 
said production drawings are 
released to Boeing shops and 
727 is expected to fly wi 
Allen called the decision to 
rear-mounted-engine 727 “one of 
ympany has 


M. Allen 
. . he ng 
thin 15 

produce 
the 
the most important our 


40 


and 


iutomatically b 


transport was revealed last week along with con 


United Air Lines have ordered the 


placed a firm order for 20 and an order 


ecome firm either with consummation 
United merger, or upon the maintenance by 


il ratios (AW Feb. 29, p 43) 


ide in its existence Bor 
nizes the substantial risks 
the project, he said, but | 
potential is great enough to ju 
risks 

Boeing must sell 200 of 
make the nture a financial suce 
Allen said. This requiremen 
over a period of eight to 10 year 

Eastern had been looking for som 


time for a medium range jet that would 


; 


’ 


sales 


suit the requirements of the airline's sys 
Malcolm A. MaclIn 
Eastern. Manv of 
routes are $00-1,000 mi. and 
served lack the traffic 
lensity high-capacity uircraft, 
Maclnty iid. The 70-114 passenger 
727 will provide th 
ind also the econom 
nts. Another facto 
quirement at many 
urcraft must 
from 5,000 or 6,000-ft 
MaclInt aid his 
t completeh jet-equipped with de 
but Lockheed Fle: 
1 continue very short 
Electra 
now is 300 mi 


according to 


ident of 


tem 
tyre, pr 
Eastern’s 
nan ities now 
lensity to fill 
needed capacity 


ranec 
iiek 


her the 
strips 

lirline will be 
| ert of the 7. 
tra turboprops wil 
Ave 


T scemen! 
routes 


poimt 


f ’ 
on Eastern’s 


MaclIntvre said 

No firm credit arrangements have 
been made for the 727 purchase, Mac- 
Intyre said, but Eastern, under present 
arrangements, can borrow money 


haul age 


more 
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when needed. No debt or equity fi- 
nancing for the purchase is anticipated 
for at least two years, and most of the 
funds will come from depreciation and 
cash flow, MacIntyre said. 

United has been working for several 
years on its shortanedium jet require- 
ments, according to J. A. Herlihy, senior 
vice Sg gets and mainte- 
nance. In a worldwide search for the 
right airplane, United became inter- 
ested in the tail-mounted engine designs 
“catching on” in Europe—the Sud Cara- 
velle and the de Havilland DH-121 
Trident design 

But United, which has ordered 20 
Caravelles and took options on 20 more, 
wanted a more advanced airplane than 
the French twin-jet, Herlihy said. For 
a large-scale order and for the long- 
range program, United was looking for 
a jet “more developed in the state of 
the art” than the Caravelle, according 
to the engineering official. 

The major factor in the Caravelle 
order was the availability of the aircraft, 
Herlihy Delivery is scheduled to 
begin next year. United has not yet 
decided whether it will exercise its op- 
ind buy additional Caravelles. 


said 


tion 


Merger Plans 


i) 


The 40-plane 727 order “is only the 
beginning, ’ Herlihy said. If the merger 
with Capital goes through, many more 
s will be needed. United will add 
about 20 new cities to its jet pattern 
with the 727, and the airplane also will 
serve cities already served by United's 
larger jets, the Douglas DCS and 
Boeing 720. 

Financing for United's order will be 
accomplished by a program now under 
way, involving the sale of $25 million 
in convertible debentures and the ex- 
pansion of a line of bank credits from 
$130 to $165 million (AW Novy. 28, 
p. 45) 

Both airlines will use the 727 in 
mixed configuration at the start of serv- 
ice. But the airplane can go to all-coach 
at a later point, MacIntyre said, and 
this is one advantage it has over the 
Caravelle: the 727’s fuselage is wide 
enough to permit three-abreast seating, 
whereas the Caravelle’s is not. 

Ihe 727's high lift devices will in- 
clude triple-slotted trailing edge flaps 
and leading edge flaps and slats. The 
slats extend forward and down from the 
upper leading edge of the wing at low 
speeds. In cruise, the slats retract into 
the wing to provide a high speed leading 
cdge 

The aircraft's vertical fin is fitted near 
its top with horizontal stabilizer and 
clevators. ‘Tail fin and rudder are swept 
sharply aft. Sweepback of the 727’s 
wing (32 deg.) is somewhat reduced 
from Boeing 707 and 720 models. Con- 
trol system of the 727 incorporates dual 
hydraulic packages to power elevator 


od 
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EASTERN AIR LINES has ordered 40 Box 
delivery in late 1963. The aircraft sells f 


UNITED AIR LINES has ordered 20 Bocing 


aa So i 6 ei, 


“9° 


27 three-turbofan-powered transports for 


ibout $4.25 million without spares. 


727s and may order 20 more, depending on 


Capital-United merger, or on maintenance by United of certain projected financial ratios. 


and lateral contro] surfaces thro 
complete surface travel, and the rud 
is controlled by dual hydraulic p 
packages 

The rear-mounted engines are 
ranged in one pod on either side of t 
fuselage and a tl 
engine suspended from a beam 
rear of the fuselage. An air intake | 
to this engine from the base of 
vertical fin 
142.000 Ib 
turbofan engines 
Ib. of thrust cach 

A feature of the 
of self-contained passenger 
of which will serve an exit under 
airplane's tail in the manner of 
Martin 4-0-4 piston aircraft. The oth 
integral stairs will serve the second p 
senger door, located forward of 
wing on the left side of the plane 

Many features of the 727 will 
common to the 707 family, thus sha 
some of the production costs and pr 
viding airlines with an interchangeal 


cowl enclosed 


, 


Gross weight of the 72 
Its Pratt & Whitney JTS! 


will produce 14 


27 is its two 


stairs, 


pare situation. A design objective was 
ised where possible in tooling for the 
707-720 series. Body width will be the 
ame, as will principal airplane systems. 


Regarding foreign markets for the 
727, Allen fisted Lufthansa as a strong 
rospect and said Boeing hopes to sell a 
number of the jets to that carrier. 
\irlines and financial sources report the 
imber might be as high as 25, pre- 
imably for the West German airline’s 
iropean routes. Other European air- 
1es have shown interest, Allen said, 
t Boeing recognizes the severe compe- 
n from foreign manufacturers of the 
ivelle and DH-121. Nearest domes- 
mpetitor, according to Allen, is 
Convair 880. 
Che three-engine configuration of the 
7 is patented by Sud Aviation, and 
Boeing got Sud’s permission to use the 
rrangement. The British manufacturer 
f the DH-121 reportedly does not have 
ich permission as yet, although nego- 
tiations are under way with Sud. 
Eastern and United worked 


’ 


with 
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LOCKHEED JETSTAR 
DOES EVERYTHING 


THE BIG JETS DO 
(yet lets you set the schedule !) 


AND PRATT & WHITNEY 
AIRCRAFT JET ENGINES 
HELP MAKE IT POSSIBLE 


YOU say where and when —and the new 
Lockheed JetStar flies you there with jet- 
liner speed, comfort, quiet and reliability. 
It has intercontinental capabilities, yet 
can land at smalier airports. Four Pratt & 
Whitney Aircraft JT12 engines power the 
JetStar. Each weighs only 436 pounds 
but develops 3,000 pounds thrust—one 
of the most efficient and reliable power- 


plants ever developed. its simple, rugged 
design insures easy maintenance and 
high operational reliability. Backed by 
Pratt & Whitney Aircraft’s world-wide 
service, the JT12 is an engine conceived, 
designed and built for business use. It's 
one of the reasons why so many leading 
firms in the U. S., Canada and Europe 
have already ordered Lockheed JetStars. 


PRATT & WHITNEY AIRCRAFT 


East Hartford, Connecticut 
A DIVISION OF UNITED AIRCRAFT CORPORATION 





Northeast Pilots Check Out in Convair 880 


Northeast Airlines is using two Convair 880 jet transports for pilot checkout and training at Boston, Mass., prior to start of 880 service 


on Dec. 15; airline has ordered six 880s. 
with one stop at Philadelphia. 


4 hr. 17 min. for an average ground speed of 638 mph. over the 2,730 mi. course 
a peak speed of 708 mph. between Springfield and St. Louis, Mo. 


Boeing to standardize their aircraft as 
much as possible as a cost saving 
measure. Galley cquipment, for, ex- 
umple, will be at a similar location in 
both interiors-about mid-plane. In fact 
the aircraft for the two airlines will be 
similar in almost every respect, which is 
a departure in airline practice 

Eastern’s vice president-engineering 
Charles Froesch, who has been inter- 
ested in three-engine transports for 
some years, believes the primary advan- 
tage of three over two jet engines results 
from the turbine’s loss of power on hot 
days. With only two engines, this loss 
can cut payloads to allow takeoff at 
required powers. Also, with two en- 
gines, Froesch told Aviation Week, an 
airplane can be grounded by the failure 
of a system such as the alternator, major 
hydraulic pump, or cabin supercharger 
With three engines, failure of one sys- 
tem still leaves two. Another advantage 
cited by the Eastern official is the three- 
engine plane’s capability of being 
ferried between stations with one 
cngine out 


Aircraft Compared 


The 727 on a hot day, Froesch said, 
could operate from a 5,000 ft. runway 
where a Caravelle under similar condi- 
tions would require 7,500 ft. The 727 
can operate from La Guardia Airport, 
Froesch said, and the Caravelle can not. 

Asked about Boeing's possible plans 
in the supersonic transport field, Allen 
said his company has been spending 
more than $1 million a year on studies 
of such a project. These studies are 
expected to continue, he said, to keep 
Bocing in position to compete “when 
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Initially, Northeast will use the airplan 


+ 


and if” a market develops for 
cally feasible transports in thi 

Boeing estimates the mark 
727 class airplane—in addition 
orders now in hand by all man 
ers—at 350 for the 1961-65 per 
$75 for 1966-70 or a total of 92 
ing ¢xpecits to get its 
market, which would be about 
planes if Boeing maintains 
41% share of the total jet t 
market 

Because of the standardizati 
727, and because of what Bo 
learned in the 707 program, th 
pany does not expect to tak« 


share 





Boeing 727 Specifications 
Dimensions: 
Wingspan 
Length over-all 
Height from ground 
Fuselage width 
Wing sweepback at 
quarter chord 
Maximum gross weight 142,000 Ib. 
Landing weight 131,000 Ib 
Powerplants. . Pratt & Whitney JTSD-1 
turbofans (3) rated at 14,- 
000 Ib. thrust each 
.. .550 to 600 mph. 
15,000 to 35,000 ft 
Operational ceiling 42,000 ft 
Range secaass ... 1,700 mi. 
Passenger capacity wee, eT 
Payload .. ka 24,000 Ib. 
Fuel .... ee, 
Landing gear. . Tricycle: dual-wheel units 
Crew. . Three: pilot, copilot and flight 
engineer 


108 ft. 7 in 
134 ft. 1 im. 
33 ft. 9in 
12 ft. 4 in 


32 deg. 


Cruising speed 


Cruising altitude 











Eis 


on daily round trip flights from Boston to Miami, Fla., 
First 880 delivered to Northeast (above) flew from Convair's plant at San Diego, Calif., to Boston in 
Second plane flew the trip in 4 hr. 19 min., reaching 
Sixth airplane will be delivered next February. 


ventory losses on the new airplanc. 
H. W. Haynes, Boeing vice-president- 
finance, reported. One important les 
son, Haynes indicated, has been in cost 
forecasting, and Haynes noted the 707 
production cost picture has improved 
markedly this year. 

Non-inventory charges, which include 
design engineering, FAA certification 
and other such costs not directly con- 
nected with production of the aircraft, 
might run as high as $4 million after 
taxes in 196] and $5.3 million in 1962, 
Haynes said. Total non-recurring 
charges—which include both inventor 
costs such as production tooling and 
engineering, and non-inventory charges 
as certification—will total $100 million, 
he added 


Inherent Risks 


Though Haynes pointed out the risks 
inherent in any such program, his fore- 
cast that there would be no inventory 
write-downs like those that have burd- 
ened all commercial jet transport build- 
ers (AW May 2, p. 177) indicates the 
initial 80 orders may put the program 
close to the inventory breakeven point. 
Haynes said this breakeven point is 
much lower than the 200-airplane over- 
ill breakeven. 

After analysis of airline programs, 
Boeing is confident the airlines will be 
able to arrange financing for 727 orders. 
United’s present financing program. 
plus its estimated cash throw from de- 
preciation in 1964-65 of $75 million is 
expected to provide ample resources 
Similarly, Eastern’s policy of retaining 
earnings to build equity in previous 
years is regarded as significant now. 
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PROBLEMS 9 
OR PROFITS: 


Route pattern complexities of typical airlines de- 
mand a cargo aircraft with the capability of oper- 
ating over both short and long route segments 
with excellent economy and earning ability. The 
Canadair Forty Four will do this for you! It com- 
bines the air cargo feeder liner with the long range 
aircraft to provide a standardized economic fleet 
unit. The Forty Four will give you profit-making 
operations, at current rates, over route segments 
as short as 200 miles and as long as 4,000 miles. 


This is the type of flexibility that will answer the many 
and varied problems confronting airline operators who, 
because of the growing demands of shippers, are bein 
forced to provide a combination of short, medium pe 
long range air cargo services for the carriage of freight at 
attractive and competitive tariffs. In this situation, the 
Canadair Forty Four offers excellent economy and earn- 
ing ability over the complete range of route structures 
that must be provided in the collection and distribution 
of air cargo. 

Practical applications of this are found in the short route 
cargo services that are necessary in the supply and dis- 
tribution of goods to or from the terminal points of trans- 
continental and trans-Atlantic services. This is evident 
between the major cities of the Eastern United States and 
between the principal points of Europe. These inter-city 
runs are essential extensions to the long haul trunk service, 
and with the Forty Four can be handled without a 
change of aircraft. 


WHATS IN 
YOUR 


AIR CARG() 
FUTURE... 


The need for this system of short, medium or long range 
operations will develop through the growing awareness 
among business establishmentsthatthecarriageofarticles 
by air is becoming an essential element in the overall 
marketing function. This will open up new markets, new 
transportation requirements, new inter-city services. The 
Forty Four, with its flexibility of performance, can carry 
es at a profit over the whole distance spectrum —short, 
medium and long range, and has the airfield performance 
characteristics to get in and out of 85% of the world’s 
major airports. THESE ARE DECISIVE ADVANTAGES IN 
FAVOR OF THE FORTY FOUR. 


SOME RUNWAY AND PAYLOAD SPECIFICS ON THE 
FORTY FOUR-D4 


- From runways as short as 6,000 feet, can operate with 
70% payload up to stage distances of 3,000 miles. 


- Can operate from 85%, of the world’s major airports, 
with due consideration to both runway length and 
allowable wheel loading. 

. Will earn an operating profit with load factors as low 
as 30°. 

- Breakeven load factors in the Forty Four represent 
loss loads on larger proposed equipment. 


- Breakeven load factors on larger proposed equipment 
represent major profit payloads on the Forty Four. 


Can operate non-stop on the London-New York route 
with an average annual payload of over 55,000 lbs. 


CANADAITIR umiteo, montreat, cananian sussionny of GENERAL DYNAMICS 
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F AA Eases Turbo Compound Criteria 


y David H. Hoffman 


Washington—Federal Aviation Agen- 
cy last week offered U. S. airlines an 
easier way to stretch the number of 
hours Curtiss-Wright Turbo Compound 
engines may be operated between over- 
hauls. 

It did so by furnishing the industry 
with a new formula under which carriers 
can add 100 hr. to the authorized time- 
span separating overhauls of the 15- 
cylinder engines if failure rates are held 
below .4 per 1,000 hr. for a three- 
month period. 

Meanwhile, Curtiss-Wright’s own 
two-year-old program to drive down the 
failure rate of Turbo Compound en- 
gines has helped reduce premature re- 
movals by about 50% and promises to 
save the industry upward of $30 mil- 
lion a year in future maintenance and 
overhaul costs 

The new FAA “numbers” governing 
time between overhaul (TBO) exten- 
sion for TC18 serics engines represent 
a’ 100% relaxdtion of the old formula, 
which lumped Turbo Compound and 
turbojet powerplants together and ruled 
that neither could carn TBO increases 
until a failure rate less than .2 per 1,000 
hr. had been achieved. 

Working within the confines of this 
inflexible ratio, no U. S. airline to date 
has penctrated the 1,500 hr. TBO 
barrier on the 3,250 to 3,400 hp. power- 
wey used by Douglas DC-7 and Lock- 
nxced Super Constellation type trans- 
ports. Foreign fag carriers, by contrast, 
are operating the big piston engines up 
to 2,200 hr. between overhauls without 
suffering significant increases in their 
failure rates. 

Flying some of the longest overwater 
routes in the entire industry, Qantas has 
been operating its TC18s at 2,200 hr. 
for months. To round out a random 
ge Transcanada is at the 2,100 
hr. mark, while KLM and Varig use 
Turbo Compound TBOs of 1,700 hr. 
and 1,600 hr. respectively. 

Operated in the United States since 
American Airlines inaugurated trans- 
continental DC-7 sc bodeles in October, 
1953, TC18 engines, through Nov. |, 
have accumulated 49,799,737 hr. of 
military and commercial service. In all, 
Wright has built 3,913 commercial 
versions of the TC18 and more than 
7,500 military models since 1952, the 
year production started. New engines 
still are manufactured for Lockheed 
P2V series aircraft at the Wright plant 
in Caldwell, N. J. 

With about 2,500 sq. in. of close 
tolerance parts inside it (typical airline 
turbojets ae about 100), the TC18 
has not been able to match the low 
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failure rates of most other eng in 
airline service. Nevertheless, the Turbo 
Compound powerplants have responded 
to the Wright reliability program in a 
manner best reflected by these statistics 
© Pre-time removals requiring overhaul 
numbered 3,836 in the first f of 
1959. During the first six months of 
1960, however, commercial 0 
removed only 2,466 TCls f 
overhaul—a decrease of 64% 
@ Peak premature removal rate 
per 1,000 engine hours for any 
in 1959 was reached in June | 
airlines. Through the summer 
year, peak rate reported was .7 p 
hr. in the month of March. 
© Unmodified TC-18s—those with 
the 100 deg. cam and all-ste: 
injection line fixes recommen: 
Wright in the summer of 195 
removed at a .116 per 1,000 hi 
combustion chamber failures during t 
year ending Aug. 1. Engine 
ating these two fixes, by contrast 
031 per 1,000 hr. premature 
rate attributable to cylinder 
tions in the same period. 

Such substantial improvement 
engine’s reliability indicate that 
U. S. operators already are in px 
exploit the new FAA TC18 Ti 
trol Program. As a result, th: 
TBOs probably will begin 
before the year is out, saving 
rier roughly $2,500 per year per 
in ecadiea’ costs as a result 
100 hr. increase. 


TCIs 
PREMATURE REMOVALS RATES 


DOMESTIC OPERATORS 
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‘ p Ta- 
tors’ over-all TC18 premature removal rate 
per 1,000 hr. by month since the beginning 
of 1959. Heavy broken line plots prema 
ture removals leading to overhaul. The two 
lighter curves trace industry removal rates 
forecast by Curtiss-Wright on the basis of 
data collected in its reliability program 


To avoid penalizing small operators, 
those with too few engines to make 
the failure rate formula meaningful, 
FAA has entrusted its field inspectors 
with a measure of discretion in award- 
ing or withholding TBO extensions. 
Thus a carrier flying one or two DC-7s 
might win a new TBO increment 
despite a failure rate higher than .4 per 
1,000 hr. if Federal Aviation Agency 
was satished after inspecting a sampling 
of its engines. 

On the other hand, larger airlines 
may find their TBOs moving backward 
under the new formula. At rates be- 
tween .4 and .6 failures per 1,000 hr., 
authorized TBO remains static. But 
FAA intends to roll TBOs backward 
100 hr. if a given carrier's rate holds 
above .6 for a full quarter. 

In essence, FAA’s TC18 Time Con- 
trol Program strikes a compromise be- 
tween a rigid failure rate formula for 
TBO extension and a system based 
upon the inspection of disassembled 
ngine in the field. The compromise 
lies in the “judgment factor” entrusted 
FAA inspectors and in the relaxation of 
the failure rate ratio itself. 

Airlines and manufacturers, on the 
other hand, seem to prefer a TBO con- 
trol system similar to that proposed re- 
cently by Curtiss-Wright. This would 
grant an operator a maximum TBO in- 
crease of 200 hr. if 85% of his engines 
reached authorized overhaul time with- 
out malfunctioning. To preclué®exces- 
sive repair of failing engines, Curtiss- 
Wright urged that a maximum allow- 
able premature removal rate of .8 per 
1,000 hr. be set. 

Choosing the path of compromise, 
FAA emphasizes that it has not aban- 
doned its “statistical approach to quality 
control” in promulgating the new pro- 
cedures. Now framed as amendments to 
each airline’s operating specifications, 
the TC18 program will be made the 
subject of proposed FAA rule-making 
sometime next year (AW May 9, p. 38). 

Hence the whole subject of failure 
rate formulas for controlling the TBOs 
of various engines—referred to as the 
“numbers game” within the industry— 
probably will be codified as a section 
of the Civil Air Manuals despite the 
heated protests of U.S. airline mainte- 
nance departments. 

Keyed to a global data collection sys- 
tem in which every Turbo Compound 
premature removal is catalogued by a 
Wright representative, the manufac- 
turer's reliability program summarizes 
the current status of all TC18 engines 
by month, by operator and by problem 
area. Sizable carriers among the 43 
now operating TC18s are assigned full- 
time representatives. Groups of smaller 
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Teamwork: the best anti-submarine weapon 
In the air, on the surface and under water, they work 
together. Teamwork, itself, becomes a science in hunt 
ing down a sub. Technically advanced equipment 
teamed up with deadly precision — is being designed 
to leave enemy subs no escape. This future is taking 
shape now in broad studies at Vought Aeronautics 
Aircraft, developed especially for most efficient use 
of electronic search equipment advanced sono 
buoys even space systems, under study by Vought 
Astronautics. These and other ideas are undergoing 
analysis, or actual test in Navy ships and planes. By 
drawing on the broad resources of its sister divisions 
Vought Aeronautics, like the Fleet, is using teamwork 
to serve the Navy’s Number One Mission 


CHANCE AERONAUTICS 
VOUGHT oe DIVISTON sauserecs 














Riddle Completes Deal for Seven AW 650 Argosies 


Riddle Airlines, Inc., and Armstrong Whitworth Aircraft, Lid., have signed a $! 
four-turboprop freighters (AW Oct. 3, p. 43). Riddle subsidiary expects to receiy 


carriers are served by a Wright engincer 
who divides his time among the main- 


tenance bases in his area 


Trouble-Sheoters 


These representatives reduce all pre 
time removals, regardless of cause, to a 
punch-card report capable of being fed 

International Business Ma 
Corp. computer at Wright's 
Jersey plant. After analysis, the 
cards are crosschecked for accuracy 
with the applicable airline’s mainte 
nance department, then run through a 
computer programed to furnish these 


mto an 
chines 


New 


three basic reports 
©TC18 Removal 
Listing. Published monthly, this lists 
all premature removals that 
during the three months prior to the 
report. Information includes date, en- 
gine number, time since overhaul, geo- 
graphic location of the removal, 
whether problem led to overhaul or 
reason for removal and 
disassembly inspection 
e Twelve-Month Premature * een 
Tabulation. Furnished every TCIS 
operator monthly, this report breaks 
down all removals by airline, by month 
and by cause. Two removal values are 
given for cach of about 55 engine 
areas in which trouble could develop 
The first shows engines sent to over- 
haul and the second shows engines 
found repairable. Last section of the 
report is a summary of all operators’ 
premature removals by cause 
© Airlines Summary Report of Prema 
ture Removal Analysis. Sent monthly to 
20 selected operators and quarterly to 
all operators, this report uses curves to 
plot removal rates for 1960, comparing 
it with 1959, One curve contrasts over- 


and Disassembly 


occurred 


repair, initial 


findings after 
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Eastern Qualifies 
Miaumi—-Eastern Air 
its current 


last week that Turbo 
pound failure rate was down t 


per 1,000 engine hours, one of th 


est in the industry. This rat 


fies the carrier for a 100 hr. increas 


authorized time between overhau! 
on the big engine. Eastern, as a 
become the first U. S. air 
achieve a higher TBO than 1,5 
under Federal Aviation Agency's 
failure rate requirement for TC 


FAA doubk 


} 


may 


gines. Last week, 


number of permissible TC18 fa 
ruling that .4 instead of .2 per 1,0 


would advance TBOs. 


Lines rey 


lion contract for delivery of seven AW 650 Argosy 
first aircraft in San Juan this week. 


the exchange of technical information 
between vendor and customer 

The industry's partial transition to 
jets in one sense has aided Curtiss- 
Wright in its effort to boost TC18 re- 
liability. As jets replace DC-7s and 
Super Constellations on longer-range 
schedules, U.S. airlines no longer need 
fly their big piston transports coast-to- 
ast inside of eight hours to avoid 
uible crewing. As a result, cruise 
power settings are being reduced, re- 
lieving some of the strain formerly im- 
posed on TC18 engines. 


; 


Maintenance Problem 


But at the same time, the jets pre- 
empted the top maintenance men in 
most airline shops just as the Curtiss- 
Wright reliability program got under 
way. 

Their replacements, though often 
unversed in TCI18_ troubleshooting, 
were responsible for the Turbo Com- 
pound’s falling removal rate in the last 
two vVears. 

Curtiss-Wright readily admits that 
its reoriented TC18 reliability program 
was long overdue, explaining that after 
30 years of close association with the 
irline industry, “We never quite recog- 
nized that somewhere along the line it 
changed from a ‘small’ to a ‘big’ busi- 
ness. We found ourselves with 43 op- 
erators spread all over the world, with 
ill types of people, with all types of 
shops. The people dealing with us were 
getting farther and farther away from 
the hardware. Our old system of get- 
ting the facts just could not cope with 
the situation.” 

Hence the five-vear lag between in- 
uguration of TCI1S8 service and the 
tart of the reoriented program. 
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-WHERE CAPABILITY HAS MANY FACES 


Expanding the frontiers of knowledge through basic research is the 
business of the Boeing Scientific Research 
Boeing scientists are at work in the fields of solid state physics, flight 
sciences, advanced mathematics, plasma physics and geo-astrophysics. 


SPACE GLIDER. Artist’s concept shows Dyna Soar 
manned space glider perched atop modified Titan ICBM 
for launching. In space, the glider and booster would 
separate, leaving Dyna Soar vehicle in piloted, near-or- 
bital flight. Pilot could later glide to conventional landing 
at a selected base, Dyna Soar is being developed by the 
U.S. Air Force in cooperation with NASA, with Boeing 
as prime contractor for both the system and the glider. 


FUTURE SKY! 


America’s first 
next generat 
like the Box 
liners, prol 
neighborho: 
Paris to New Y 


SHOCK TUBE 


designed and 
ratories scient 
at 300 times 
“slowed” 1 


ture within the t 


degrees. Stud 
tive ion and } 


Laboratories, left. Here 


INE R. Boeing, builder of famous 707, 
airliner, has long been at work on 
aerial transports, which could look 

lesign pictured above. Supersonic jet- 

a decade away, could have speed in 

2,000 miles an hour. Flight time, from 


rk, would be about two and a half hours! 


Industry’s most powerful shock tube, 
It by Boeing Scientific Research Labo- 
creates shock waves which begin 

1 of sound, then collide in tube at 
30 times speed of sound. Gas tempera- 
be reaches approximately one million 
ild be important in developing effec- 
1-propulsion systems for use in space. 
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AIRLINE OBSERVER 


> Federal Aviation Agency is expected to complete analysis of ground and 
flight test data on Lockheed Electra wing modifications in January, although 
an intensive effort by FAA and Lockheed may make it ible to lift speed 
limits on modified aircraft by the end of this month. Engineering data on 
the modification program were approved by FAA last week. Once FAA has 
approved the program and issued an amended Electra certificate, speed limits 
will be lifted on all modified aircraft. 


P Airline industry will launch a major campaign in 196] to lure more 
travelers from the highway to air transportation. Air Trafic Conference has 
adopt-d a program which includes field survey of private automobile travel 
as a first step toward developing new ways of tapping this market 


> Russia's Aeroflot expects present dominance of turboprops in its transport 
fleet to continue for at least another four years. The carrier's plans call for 
turbojets to account for slightly over 40% of total ton miles flown in 1965. 
That would make the turboprop transport’s share of traffic close to 55% 
of the total since, according to previous statements, only 5% of Acroflot’s 
1965 ton miles will be flown by piston-powered aircraft. The Russian airline 
also reports that twin-jet Tu-104s and four-turboprop I1-18s and An-10s are 
now flying “over half” of total ton miles generated by Aeroflot. This com- 
pares with 109% in 1957, 179% in 1958 and 33% in 1959. 


> Domestic trunkline earnings this year will fall about $100 million short 
of the level necessary to produce the 10.5% rate of return on- investment 
recommended by the Civil Aeronautics Board in its recent final decision in 
the General Passenger Fare Investigation (AW Dec. 5, p. 40) 


> Federal Aviation Agency has proposed a major revision of civil air regula- 
tions governing U. S. flag carriers operating outside the U. S. following 
several years of conferences and talks with the industry and Civil Aeronautics 
Board. Chicf purpose of the revision is to bring regulations, which were 
first written in 1945, wp to date to conform more closely with the advancing 
state of air transportation and the changing characteristics of the aircraft 
in use. Rewriting will minimize the need for interpretative manuals issued 
periodically to elaborate on amendments to the regulations. 


> Trans World Airlines’ petition for a 10-day exemption to carry passengers 
in seven Lockheed 1049 aircraft after Jan. 1 without weather radar has 
been denied by the Federal Aviation Agency. Exemption was requested 
because of a delay in receiving Convair 850 aircraft and because of changes 
in corporate plans. Oscar Bakke, director of FAA's bureau of flight 
standards, said justification in support of the petition “is based on an 
internal administrative problem dealing with the purchase of Convair air- 
craft which is within the jurisdiction of TWA to correct” and that an 
exemption because of these reasons would not be in the public interest 
nor promote safety 


> Scheduled airlines have invested $49 million in the purchase and installa- 
tion of noise suppressors on the 207 U.S.-built turbojet transports already 
delivered. Cost of one suppressor is $60,000. Douglas Aircraft Co. has 
estimated operating penalty of sound suppressors at $93,000 per year pert 
airplane. When all turbojet equipment is delivered, airline industry will 
be spending $37 million additional in annual operating expenses to keep 
noise suppressed. 


> Current NOTAMS issued by Federal Aviation Agency stress a grow 
ing trend toward flight restrictions in the Caribbean area. Cuba has 
established a prohibited corridor on the north coast of the island extending 
30 mi. out to sea and warns that any aircraft within this zone will be 
intercepted by military patrols and forced to land. Haiti has prohibited 
non-scheduled civilian aircraft from flying over its territory and has warned 
that unidentified aircraft may be fired on. Dominican Republic requires 
that permission to land in or overfly its territory must be requested through 
government channels at least 72 hr. before a flight. Once permission has been 
received, a flight plan must be submitted 24 hr. in advance of the flight. 








SHORTLINES 





P Air India is planning to initiate a 
weekly Boein 167 turbojet service from 
Bombay to Tokyo, via Bangkok and 
Hong Kong. 


> Boeing Airplane Co. reports that as 
of Nov. 29, it had delivered 150 707 
series and 20 720 series transports to 
the airlines. 


> British European Airways plans to be- 
gin service with newly tard esd 105- 
passenger Vickers Vanguard turboprops 
Dec. 17 for Christmas season service 
from London to Paris, Glasgow and 
Belfast (AW Dec. 5, p. 41). BEA 
now expects to put the Vanguard into 
full scheduled service in March 


> British Overseas Airways Corp. will 
begin Boeing 707-436 Intercontinental 
nonstop turbojet service between Lon- 
don and Los Angeles via the polar route 
Mar. 2. The twice weekly flights will 
be operated initially with 32 seats in 
first class and 97 in economy class. Dur- 
ing the peak summer season, the aircraft 
will carry 24 first class seats and 111 
economy seats. BOAC has begun all- 
cargo operations with its converted 
Douglas DC-7F transports. The cargo 
1ircraft can carry 30,000 Ib. on flights 
from New York to London via Glasgow 
or Montreal and Manchester twice 
weekly 


> Iberia Air Lines of Spain has opened 
its new eight story administration build- 
ing at 518 Fifth Ave., New York City, 
N. Y. Building will serve as Tberia’s 
U. S. headquarters, with a ticket office 
on the ground floor. 


> Lufthansa German Airlines plans to 
begin using the new Rhine-Ruhr Air- 
port at Cologne-Bonn with the initia- 
tion of its 1961 summer schedules 
The new international airport is sched- 
uled for completion next spring. Luf- 
thansa also will extend its = 707 
turbojet Frankfurt-Bangkok service to 
Tokyo via Hong Kong early next year. 


> North Central Airlines has received 
Civil Aeronautics Board permission to 
overfly Manistee/Ludington, Mich., 
until 60 days after the cities’ joint 
airport can make improvements en- 
abling it to handle North Central's 
Convair 340 aircraft. 


> Sabena Belgian World Airlines has 
started Brussels to Montreal and Mex- 
ico City service with twice weekly 
flights using Boeing 707 Interconti- 
nentals. 
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COMMUNICATION satellite appears with cross sectional view of Scout vehicle (center and left). Dimensions are indicated at right. Points 
of interest include (1) jettisonable nose cone, (2) orientation nozzle, (3) nitrogen tanks, (4) folded antenna, (5) fifth stage rocket, (6) fourth 


stage motor, (7) separation clamp, (8) thrust cutoff separation ring, (9) avionic unit, (10) velocity control nozzle, (11) sixth stage rocket. 


Hughes Communication Satellite Detailed 


OPERATING prototype of the Hughes communication satellite. Features include (1 By Barry Miller 


sun sensors, (2) apogee rocket, (3) velocity control jet, (4) orientation control jet, (5) 


compressed gas jet fuel filler, (6) slotted array S-band antenna Culver City, Calif.—lirst details of a 


lightweight, potentially mexpensive ac- 
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TOP OF central canister of communication satellite is removed during checkout 


Hughes satellite. Orientation and velocity control jets are visible (1) and (3 
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© Use of stationary reflectors at ground 
terminals, thus minimizing cost. A 
port prepared by Rosen on some aspects 
of the stationary satellite was presented 
before the American Rocket Society in 
Washington last week 
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orbit so that spin axis parallels t! 


\t right engineer checks out Thor-Delta prototype of 
sensors (2), filler for nitrogen gas (4). 
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MICRO SWITCH Precision Switches 


wOntrwty 


Subminiature “TM” 


Precision Toggle Control Can Be Customized 


MICRO SWITCH manufactures hundreds of different toggle A keye prevents rotation. Wide choice of contact 
switches and toggle switch assemblies. In this complete line arrange cludes 1, 2, 3 and 4-pole types. 

you can find the exact characteristics and contact arrange Bielientciten IM” Weighs only 414 grams, measures 
ments you need only t the base. Double-pole double-throw with 


“TL” Series Silicone sealer between cover and case seals wide t re range and low circuit resistance. 


against dust or moisture. These switches are approved under “AT” Series Toggle Assemblies MICRO SWITCH offers tog- 

MIL-S-3950A, operate in a temperature range of —85°F to gle swit blies of up to 16 basic switches. Hermetically 

+-250°F. Available in 1, 2 and 4-pole models with integral sealed tvt so available. 

terminals. There MICRO SWITCH branch office near you and 

ring help on the selection of toggle switches 
ply checking the Yellow Pages. Be sure you 

CH precision and reliability. 


“TS” Series The toggle lever is sealed against dust and mois- prompt 
ture. “TS” toggles meet specifications for MIL-S-3950A. is avail 
Special plastic barrier plus extra distance between terminals get MICRO 


WRITE FOR NEWLY REVISED CATALOG 73 ON TOGGLE SWITCHES 


MICRO SWITCH FREEPORT, ILLINOIS H Honeywell 


eaaiinen ander oh voerm | MICRO SWITCH Precision Switches 


In Canada: Honeywell Controls Limited, Toronto 17, Ontario 





The first version of Saturn will be 185 feet tall . . . 21 feet across 


the base . . 


. will contain 14 rocket engines! 


Douglas-built second stage is 
as tall as a 5-story building. 


The rocket that will lead the way to 


space travel is now in development 


Space researchers at Douglas Aircraft 
are already working on the design 
and construction of the second stage 
of the huge NASA Saturn rocket. 
Saturn is the first program which 
is designed, from the ground up, to 
provide the capability of putting tons 
of payload into orbit or thrusting 
manned capsules beyond the earth’s 
pull. It will initially be able to orbit 
20,000 pounds around the earth, or 


deposit 6,000 pounds on the moon. 

Future configurations of Saturn will 
have even greater thrust and payload, 
paving the way for round trips to the 
planets. 

Fantastic as these predictions 
sound, they are the solid convictions 
of the men at Douglas whose skills 
have been behind the production of 
nearly 30,000 rockets, missiles and 
space vehicles. These include the Thor 


IRBM which has boosted more 
successful space payloads than all 
other U.S. boosters combined. 


DOUGLAS 


MIGGILE AND SPACE SYSTEMS « 
MILITARY AIRCRAFT ¢ 0C-@ JETLINERSG © 
TRANSPORT AIRCRAFT ¢ AiIRCOMB® « 
GROUND SUPPORT EQUIPMENT ¢ ANTI- 
SUBMARINE WARNING SYSTEMS 
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COMPUTENCE _. tora. commerence a Compara 


. . . provides effectiveness for new system of mobile defense against multiple airborne targets 


The program: MAULER, U.S. Army’s newest 
automatic-firing air defense system, involving 
missile-firing vehicles transported by air and 
parachuted into battle areas. Basic Burroughs 
contribution: design and production of the 
miniaturized electronic computer systems which 
will provide radar data processing and computa- 
tion for MAULER. Among special design features 
will be the Burroughs Logi-Mod packaging 


Mauler is being developed by Convair ip 
Burroughs 


Pomona, Convair Division of General 
Dynamics, for ARGMA, an element of 
the Army Ordnance Missile Command 





technique, to protect sensitive computer compo- 
nents from shock during air transport and 
parachute drop. Behind the news: Sti!! another 
vote of confidence in Burroughs Corporation's 
Computence—total competence in computation— 
from basic research through production and field 
service to system management. Confidence in 
Burroughs performance, already proved in such 
vital programs as ATLAS, SAGE and ALRI 


Burroughe—TM 


Burroughs Corporation 


“NEW DIMENSIONS / in computation for military systems” 











Orbit Terminology 
Among terms employed by Hughes 
scientists in describing possible com- ee a t 
munication satellite orbits are: wars Ectronigs Corpor at 
@ Circular orbit—An orbit which de- 1 wide variety of aa@vanced ¢ 
scribes a complete constant altitude : 
revolution pra. the earth. le and epac' 


© Equatorial orbit—An orbit which oc- r fabricating Uf 


curs in the plane of the earth's equator. ba 1 ely nie systems f 
@ Synchronous orbit—An orbit with a 

period of 24 sidereal hours, There are 
many possible synchronous orbits t tems, if launc! 


‘ 


or. Im its fir 


® Stationary orbit—A circular, equatorial . 

, sen il the world 
and synchronous orbit. In a stationary 
orbit, the satellite appears “stationary” ae j ns satellite 
with respect to any point on the earth's 


surface because the satellite's speed and 

altitude (22,752-naut. mi.) keep it in a ) Y 

fixed relation to points on the carth ) ? 7 
ue 


Thus, synchronous and stationary are not 
synonomous, although a stationary orbit 
must be synchronous though the reverse 
need not be true 

@ Inclined synchronous orbit—Specific 
example of a non-equatorial, hence non 
stationary, synchronous orbit. In this 
case, orbit is inclined with respect to 
the equator. The satellite's orbital pe 
riod is 24 hr., but points on the carth 
have a changing relation to it. 

Fixed reflectors can be employed at 
ground terminals in conjunction with 
the stationary satellite because of the 
unchanging relation between them. 
Synchronous orbiting satellites presup 
pose use of tracking antennas 


This probably will be a lower 
rp tem 
The over-all payload, its dimensions 
and its avionic package are identical for 
the Thor-Delta and Scout versions. The 
satellite consists of two concentric cy! 
inders, the outer one 25 in. in diameter 
13 in. mm length. Outside surface 
rer cylinder is coated by 2,700 
silicon solar cells capable 
of providing 18 w. electrical power 
Around the inner surface of the outside 
cylinder are toroidal compressed-nitro- 
gen gas tanks which provide fuel for 
the pavioad orbital orientation and 
velocitt mtrol jets and support th 
Olar cell structure 
An inner cylinder or central canister 
houses an integrated avionic package 
and supports the antenna and an apogee 
rocket which supplies the final burst of 
thrust for placing the satellite into a 
nominall nchronous orbit Struts 
mnect the central canister to the outer 


central canister, the antenna folds back 
lots separated at 120 3K WEWMEEGIicln :)  w 
| the canister top 
imspond guidance signal ‘ — a 
| position during the the pe ttention of Dr 


cket is attached to the 
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THE STROMBERG-CARLSON SYSTEMS MANAGEMENT TEAM HEADS...?77 


We can’t give you the details yet, but we can report 
that Stromberg-Carlson has been asked to head up 
the development program for a passive reconnais- 
sance network. Stromberg-Carlson won the nod on 
the strength of its Core Concept of 
Systems management, which helped 
get the project off and winging in 
short order... and on its long-stand- 
ing sophistication in all aspects of 
advanced electronics and communi- 


cations, military and commercial. 


in SYSTEMS 
MANAGEMENT: 

We're ready to launch your project 
as well—now. Because Core Concept 
maintains a permanent staff of top 
scientists, engineers, technicians, 
cost-scheduling and managerial 
talent, Stromberg-Carlson is always 
tooled up for any problems that arise within the 
rather extensive perimeters of its competence. Sea- 
soned and dynamic, the Core Concept staff can line 
up contributing sub-contractor firms and get well 





underway on system projects of all types—in the time 
it previously took just to assemble a systems man- 
agement group. 

There’s a very simple yardstick for measuring the 
speed and efficiency of Core Con- 
cept. Money. It’s expecte d that Core 
Concept organization and adminis- 
tration can cut systems management 
cost significantly. 

In what areas are we qualified? 
Well, we’re involved in radar devel- 
opment for missile tracking systems, 
We've achieved several break- 
throughs in solid-state circuitry and 
modularization of computer sys- 


tems. We've had over 65 years in 


every phase of telephone communi- 
cations. We produce radio sending 
and receiv equipment for land, 
sea, air and space. And we’re right up there in high- 
speed teleprinters and electronic display techniques. 


Look on Stromberg-Carlson as a supermarket for, 
I 


systems, ideas and talent 
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FISHING FOR SUBMARINES... FROM THE AIR. SOME NEW IDEAS FROM S. C. 


Efficient detection of underseas targets from swift- tive discrimination against background nois« 
ranging aircraft will require new non-acoustic tech- The investigation of geophysical and astroy 
niques. Stromberg-Carlson scientists think that a phenomena will include study of electrom 
research program now in progress has important —_ background noise at the earth’s surface in t 


applications to these techniques. Un- quency region of 0.001 t 


der investigation are low-frequency cps, solar radio signals anc 


terplanetary medium. Kn 


electromagnetic phenomena, inter- 


in this field of interest is 


planetary plasma physics, and other 


geophysical processes which pro- rapidly, and worthwhile 


duce electromagnetic “noise.” contributions resulting fr« 


In present non-acoustic methods of planned work are almost cer! 


in COMMUNICATIONS 
RESEARCH: 


detection from the air, the signal 


strength is fre qué ntly weak and al- 


In the course of investi 
Stromberg-Carlson scientist 
propose to determine the 
ship between the characte 
ways decays rapidly with distance; the earth’s surface and tl 
it soon disappears in the ever-pres- quency electromagnetic b 


ent background noise. and to examine the nois« 





Already, several signal processing for types of signals hit! 
techniques resulting from Stromberg-Carlson noise known. 

studies have been developed and tested. These show This program is only one of Stromberg-( 
performance gains which promise to offset partially numerous basic research projects current 
the loss in nal with distance through more effec- way in all areas of electronics and comm 


FOR NUCLEAR REACTORS... MORE HOURS OF POWER EVERY MONTH 


With Stromberg-Carlson’s new completely solid-state © We achieve a unique degree of reliability through 


modularized control systems, nuclear reactors putin 100% use of transistors and key-point use of solid- 
significantly more operating hours every month. state relays. In addition to reliability, solid-state cir- 
While attending to their main functions—monitoring _ cuits give greater protection against shock and vibra- 


and controlling power level, rate of tion, need less power, produce a 


change of power level, pressure, tem- much more compact unit. And, most 
perature, and coolant flow—Strom- importantly, we reach a new plateau 
berg-Carlson control systems check in fail-safe operation. 
themselves continuously. Malfune- Right now, Stromberg-Carlson con- 
tions are rare, but if one occurs, trol systems are used with Detroit 


scram rods drop and the address of Edison’s Enrico Fermi reactor... 


in ELECTRONIC 
EQUIPMENT: 


the offending part is flashed on the 


and will handle the Army’s Ice Cap 
reactor — a portable, skid-mounted 
unit that will feed power to a Dew 
annunciator. Even an unskilled op- Line station in Greenland. 
erator can then pull the module Stromberg-Carlson systems provide 
containing the flaw and plug in a instrumentation throughout a reac- 
tor’s entire operating range, from 


the moment of start-up. An overlap 


replacement—all in a matter of min- 





utes, Previously, it took hours, even 


days, to get a nuclear reactor back into operation. of two decades in the source, intermediate and power 
But this is merely the spectacular phase. More mun- __ ranges assures continuous monitoring. Light and 


dane, but more to the point in reducing reactor down —_ compact, these systems can control marine, portable, 
time, is the simple fact that malfunctions are so rare. _ research, or commercial reactors, 


STROMBERG -CARLSON 
a oivision ofr GENERAL DYNAMICS 


1400 N. GOODMAN STREET / ROCHESTER 3,N.Y. 
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opposite end of the canister. Over-all 
height of the payload from tip of th 
erect antenna to end of the apogee 
rocket is 37.5 in. 

The integrated avionic package pro 
vides these functions: 
eCommunication repeater. 
e Guidance signal repeater. 
2 Telemetering transmitter and beacon 
eCommand receiver. 


Signal Reception 

Communication signals, broadcast in 
the little-used portion of the UHF’ r 
son, are received and mixed with a 
master oscillator signal. ‘The resulting 
45-mc. intermediate frequency signals 

phas¢ modulated for power econ- 
my, then multiplied up to S-band and 
power-amplified in a specially designed 
Hughes traveling wave tube, now in d¢ 
clopment, before transmission back to 
earth. The latter will deliver 2.5 watts 
provide 30 db. gain, weigh 8 oz., and op 
erate with 33% efficiency. Its antici 
pated lifetime is 10,000 hr 

With the exception of the traveling 
wave tube, circuits employ solid-state 
components throughout. 

[he same transponder receives orien 
tation and velocity ject commands, and 
signals which turn the transmitter and 
beacon on and off. Modulation of a 
separate 200-ke. oscillator by signals 
from two clam-shaped sun sensors, lo 
cated on the bottom of the satellite, 
provides phasing information for firing 
of the orientation jet. Frequency of 
this oscillator is temperature depend- 
ent so readings of internal satellite tem 
perature can be obtained at the guid 
ance terminal. Frequency of a second 
nominally 200-ke. oscillator, which is a 
tunction of voltage, provides monitor 
ng of battery voltage level. 

Weight of the avionics package is 
64 Ib., including 4 Ib. consumed by the 
traveling wave tube, 4 lb. for the an- 
tena and +4 Ib. for avionic compo 
nents. Hardware and antenna mount 
ng account for the differenc« 


Avionic Power Supply 


Che total svstem requires 15 w., thus 
allowing a 3-w. cushion below solar cell 
capability [wo pounds of batteries 
supply power to the avionic gear during 
launch and pulsing of the orbital con- 
trol jets. The transmitter of a stationary 
communication satellite would — be 
turned off during eclipses, a total of 66 
min. per vear, Rosen points out. 

The payload is capable of relaying 
up to 600 two-wire or 300 four-wire 
messages or one television channel, It 
can accept inputs from any number of 
ground stations on a frequency-division 
basis. Base bandwidth is 4.5 mc., voice 
channels are 4 kc. 

For an equatorial launch of a station 
ay satellite by a lightweight booster 


: 
(such as Scout or perhaps Air Force 
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EYE TEST 
FOR RADAR 


B&L optical-electronic-mechanical capabilities 
assure accuracy in missile tracking system 





The strength of our missile defense program depends 
in part on extreme accuracy of radar tracking. 


Bausch & Lomb has developed a camera lens 

for boresighting a radar antenna—in essence, this lens 
checks the performance of radar just as one’s 

vision is checked in an eye examination. 


Accuracy of this lens system easily meets the most 
extreme requirements. 


The same skills that made possible this missile track 
radar camera lens are available to assist on your project. 
Write us for full details. Bausch & Lomb Incorporated, 
Military Products Division, 99412 Bausch St., 

Rochester 2, N. Y. 


BAUSCH & LOMB 
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TRANSPONDER within Hughes communication satellite, shown in block diagram, can 


receive and retransmit up to 600 two-wire 
distances. 


or 300 four-wire messages across continental 


{ntire avionics package weighs 64 lb.; it will also telemeter data, receive ground- 


based commands and handle guidance signals. 


Blue Scout), Hughes scientists have set- 
tled on Jarvis Island, two square miles 
of U. S. Department-of-Interior-admin- 
istered property situated slightly below 
the equator, about 1,300 mi. south of 
Honolulu. Besides the attractiveness of 
a deserted location for an equatorial 
launch, the island also offers hundreds 
of miles of down-range (eastward) open- 
sea areas. Launched from this spot, 
the payload, were it to attain station- 
ary orbit, would be located at 51.9 deg. 
west longitude, Rosen says. 

Successful orbiting over the equator 
at this point would place the satellite 
over Brazil above an area near the 
coastal city of Belem. A locus of all 
geographical points within communi- 
cation distance from this single satellite 
encompasses most of North and South 
America, Western Europe and Africa 
on an are from Benghazi to Capetown. 
If this plan were followed, Hughes is 
thinking initially of two fixed-antenna 
ground stations, one in the Los Angeles 
area, the second probably in France or 
Belgium. 


Fifth Stage Velocity 


The payload would be launched into 
an equatorial plane, injected into a 
transfer ellipse after burnout of a fifth 
stage rocket (a state-of-the- art modifi- 
cation or addition to the Scout four- 
stage rocket) and, after coasting to apo- 
gee, would be injected into a nominally 
synchronous orbit. The fifth stage sup- 
plies additional velocity and contains 
the velocity cutoff mechanism. 

Launch sequence for the 150-Ib. gross 
payload (including fifth and sixth stage, 
or apogee, rockets) was outlined by 
Rosen as follows: Vehicle is launched 
eastward from Jarvis Island. After third- 
stage burnout it spins since it no longer 
is attitude-controlled as are the first 
stages. 


64 


Fourth stage and payload are spin 
stabilized. 

A single-plane doppler interferome- 
ter guidance system, located on Jarvis, 
measures the vehicle’s altitude and ve- 
locity. At the appropriate moment, a 
ground command cuts off thrust and 
the fifth stage separates from the pay- 
load. 

The antenna erects during fifth- 
stage separation and the payload enters 
a transfer ellipse. It coasts for 5 hr. 16 
min. until reaching apogee where the 
sixth stage, which supplies additional 
velocity for injection into a nominally 
synchronous orbit, fires on command. 
In an accompanving cross sectional view 
of the Scout payload, the apogee rocket 
appears to be in a reverse position. ‘The 
velocity vector of the payload, how- 
ever, undergoes a 180 deg. change from 
perigee to apogee to properly orient 
it for final sixth-stage burst. 

In nominally synchronous orbit, the 
payload spins about its cylindrical axis, 
which is in the equatorial plane. An 
orientation or torquing gas jet, whosc 
thrust axis is parallel to the spin axis 
of the satellite but displaced from the 
payload’s center of gravity, then pre- 
cesses the satellite 90 deg. to make its 
spin axis parallel to the earth's. Operat- 
ing under ground command in _ the 
pulse mode, the jet torques the payload 
over 90 deg. to place it in the proper 
plane. 

Subsequently, it can be operated in 
a continuous wave mode to produce 
thrust perpendicular to the equatorial 
plane to correct for inclination errors. 

Proper phasing of ground-command 
pulses for jets, is provided by the two 
clam-shaped sun sensors. 

The plane of ‘sensitivity of one sensor 
passes through the satellite’s spin axis 
and determines spin phase, while the 
plane of sensitivity of the second sensot 





is tipped 35 deg. with respect to the 
first and is used to determine angle of 
the sun relative to spin axis of the 
satellite. With this spin angle info, 
mation, telemetered from payload back 
to ground guidance station, a synchro. 
nous controller generates commands for 
the orientation and velocity jets, 

A second control jet, whose thrust 
axis passes through the pavload’s cente 
of gravity and is normal to the spin 
ixis, provides velocity correction. Op 
command, this velocity jet can increase 
orbiting velocity. The torquer jet, oper- 
ating in its cw mode, corrects for jp. 
clination changes. 


Satellite Lifetime 


After a stationary orbit is achieved. 
jet control can be maintained for lim. 
ited periods. Velocity capability of the 
two nitrogen tanks is about 250 fps., 
Rosen estimates. Lifetime of the satel. 
lite is limited to about one vear by 
solar cell degradation and gradual in. 
clination build-up of 1 deg. a yea 
which eventually places payload out of 
control. 

Rosen calculates that satellite launch 
has 100% probability of achieving syn- 
chronism, 50% probability of being 
stationary. : 

Intercontinental communications 
would be possible using only a single 
stationary satellite backed up by one 
spare in orbit. Any number of ground 
terminals could be tied in. The spare 


satellite could relay TV and, in the 
event of failure in the main satellite, 
the spare could switch over to tele. 


graph ‘telephone relay 
The operating prototype designed for 
Thor-Delta launch differs in several 





Man-in-Space Contracts 


Edwards AFB, Calif.—Contract for a 
12-channel biological telemetry system 
(AW Nov. 21, p. 23) capable of trans- 
mitting a pilot’s physiological responses 
during flights of vehicles like the X-15 
and Dyna-Soar, was awarded last week to 
Hughes Aircraft Co., Culver City, Calif, 
Value of the award was placed at $78, 
698. 

This is the second in a series of four 
awards to be made by the Air Force 
Flight Test Center for instrumenting 
man-in-space environments. 

A $47,100 contract for a pressure gas 
sensor is about to be awarded and a 
contract for a blood pressure measuring 
device, fourth contract in this series 
is expected in the near future. 

First contract in the series went to 
Spacelabs, Inc., Van Nuys, Calif., late 
in October. Under this $23,579 com 
tract, Spacelabs will build a breathing 
study device to measure man’s respira- 
tion rate and depth in a full pressure 


suit. 
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s from the Scout version. Thor 


respect ; 
Delta version is heavier, employs four 


toroidal steel tanks filled with com- 
ressed nitrogen required by the con- 
trol jets. It weighs 118 Ib., including 
what for Thor-Delta would be the 
fourth stage, the apogee rocket. After 


apogee-rocket burnout, and separation 
of rocket case, weight in orbit is 52 lb. 
Gross weight of the Scout payload, in- 
cluding five-stage rocket and six-stage 
apogee rocket is 150 lb. After separa- 
ton of the fifth stage, and burnout of 
the apogee rocket (the apogee rocket 
itself does not separate from the satel- 
lite in this version), the Scout-boosted 
atellite weighs 32 Ib. Part of the weight 
reduction in the Scout version is made 
possible by less demand on jet supply 
Supply for this version is contained in 
two titanium toroidal tanks. 


Guidance System 


The satellite's guidance system, a 
single-plane doppler interferometer sys- 
tem, would be situated on Jarvis Island 
It consists of an 800 w. UHF guidance 
and command transmitter, a nearby S- 
band receiver, both equipments on gun 
mounts, and an angle tracking S-band 
receiver displaced about two miles on a 
tracking pedestal to form an interferom- 
eter. 

The two 
has a 10-ft 
range, elevation angle and_ elevation 


which 
rate, 


each of 
range 


receivers, 
dish, measure 


angle rate. 

At the first receiver an analog com 
puter solves necessary linear equations 
and computes cutoff time. 

The transmitter signals for thrust 
cutoff, commands apogee rocket firing, 


orientation and velocity jet operation, 


and satellite transmitter turn-on and 
turn-off during transfer ellipse and 
eclipses. Total cost of. instrumenting 


the island, including preparation of a 
3,000 ft. C-130 runway on the island, 
would be less than the range cost for 
fring a single large booster from Cape 
Canaveral. 

Transporting personnel to and main- 
taming them at Jarvis would increas¢ 
this considerably, however. 


Project Leaders 


A number of engineers and scientists 
it Hughes pooled their talents in an 
ilyzing, designing and engineering thc 
satellite project. Among them wer 
Tom Hudspeth, responsible for the 
wionic design, Don Williams, orienta- 
ton method and dynamic analvsis of 
the entire svstem, Ralph Colbert, su 
pervision of the structural design and 
integration of units, and Ed Marriott, a 
project manager for mechanical and 
thermal design of the pavload. 

Besides completing the Thor-Delta 
pavload, Hughes has finished the trans 
mitter and analog computer and _ has 
breadboarded the receiver. 
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Air Force Research Grants 


Washington—Contract awards and grants for basic scientific research in universi- 
ties, nonprofit institutions and industrial laboratories made by Air Force Office of 
Scientific Research since Aug. 1 total $3,639,271. 


Contracts and grants are as fol- 








lows: 
Date Work Estimate 
Contractor Started Short Title of Cost 
Behavioral Sciences 
Ohio State Univ., Columbus, Ohio Aug., 1959 Personality Factors in Motivation $28 ,609 
Univ. of Georgia, Athens, Ga... Nov., 1959 Technological Changes Impact on Car- 50,095 
eers 
Mass. Mental Health Cntr., Boston, Avug., 1959 Hypnosis as a Contro 58,349 
ass. 
Ohio State Univ., Columbus , Ohio Apr., 1958 Situational Variables 65,400 
Biological Sciences 
Univ. of Calif., Berkeley, Calif. May, 1959 Brain Tolerance to Space Environment 3,333 
RIAS Division, Baltimore, Md. Aug., 1960 Photosynthesis 27,193 
Chemical Sciences 
Columbia Univ., New York, N.Y. Aug., 1960 Microwave Spectroscopy 41,074 
Univ. of Calif., Berkeley, Calif... Feb., 1960 Chemical Effects of Radiation 110,000 
Purdue Res. Found., Lafayette, Ind. June, 1960 Properties of Silyl Radicals 5¥ 473 
Univ. of Wash., Seattle, Wash. July, 1960 Boron and Silicon Compounds 44,000 
Wash. State Univ., Puliman, Wash. Feb., 1959 Pyrolysis of Esters 32,998 
Univ. of Calif., Berkeley, Calif. July, 1960 Molecular Spectroscopy 54,002 
Rensselaer Poly. inst., Troy, N.Y. June, 1960 Surface-Catalyzed Excitation of Atoms 114,700 
Southern Research Inst., Birmingham, Oct., 1958 Diffusion of tron 41,220 
ja. 
Northwestern Univ., Evanston, lil. June, 1960 Catalysis in Liquids 276 ,000 
Kent State Univ., Kent, Ohio Mar., 1959 Electrolytes in Acetic Acid 12,392 
Tufts, Univ., Medford, Mass. Dec., 1957 Intermediates in Oronation 14,860 
Univ. of N. Hamp., Durham, N. Hamp. Jan., 1958 Organoboron Chemistry 14,400 
Johns Hopkins Univ., Baltimore, Md. May, 1956 Microcatalytic Techniques 12,063 
Northwestern Urjv., Evanston, Ill. Jan., 1958 Platinum Metal Compounds 14,550 
Univ. of Oregor’ Eugene, Oreg. july, 1958 Surface Chemistry of Nonpolar Mc e- 15,730 
cules 
Cornell Univ., Ithaca, N.Y. July, 1960 Diels-Alder Reaction 22,916 
Univ. of Kansas, Lawrence, Kan. July, 1960 Transport Processes (grant) 43,460 
Johns Hopkins Univ., Baltimore, Md. June, 1958 Free Radicals & Reactive Molecule: 28 , 558 
Univ. of Minn., Minneapolis, Minn. Oct., 1958 Non-aqueous Polarography & Amper- 25,820 
ometry 
Princeton Univ., Princeton, N.J... June, 1958 Photonometric Titrations 56,400 
Poly. Inst. of Brooklyn, N.Y. Jan., 1958 Adsorption of High Polymers 17,834 
Indiana Univ., Bloomington, Ind. Jan., 1958 Electrochemistry of Fused Salt: 15,212 
Poly. Inst. of Brooklyn, N.Y. Dec., 1957 Photochemical Reactions 24, 565 
Mathematical Sciences 
Univ. of N. C., Chapel Hill, N.C. June, 1960 Linear Mixed Models 35, 520 
Inst. for Adv. Study, Princeton, N.J. June, 1957 Advanced Mathematics 48 , 500 
Carnegie Inst. of Tech., Pittsburgh, Pa. Mar., 1960 Conformal & Variatior ai Methods 56,895 
Mechanics 
N. Amer. Aviation, Downey, Calif. June, 1957 Laminar Boundry Layer Stability 62,662 
Cornell Aero. Lab., Buffalo, N.Y. Aug., 1960 High-Temperature Phenomena 79,994 
Univ. of Minn., Minneapolis, Minn. Dec., 1958 Mass Transfer Cooling 40,000 
Univ. of Md., College Park, Md. Mar., 1959 Boundry Layer Instability 41,300 
Stanford Univ., Stanford, Calif. Apr., 1957 Thermal Effects in Aircraft Structures £2,863 
Cornell Univ., Ithaca, N.Y. Nov., 1958 High-Speed Aerodynamics 74,588 
Martin Co., Baltimore, Md. Aug., 1960 Vacuum Environment & Materials 40,714 
General Dynamics, San Diego, Calif. Jan., 1958 Hydrogen-oxygen Interactions £3,403 
Poly. Inst. of Brooklyn, N.Y. Apr., 1957 Hypersonic & Low-Densily Flow 743,000 
Poly. Inst. of Brooklyn, N.Y. May, 1958 Vibrations of Cylindrical Shells 26,000 
Stanford Univ., Stanford, Calif. Mar., 1957 Irreversible Processes 37,105 
Univ. of Calif., Berkeley, Calif. Aug., 1958 Low-Density Wind Tunnel 150,000 
Cornell Aero. Lab., Buffalo, N.Y. Oct., 1959 High-Temperature Gas Flows 49,809 
Cornell Aero, Lab., Buffalo, N.Y. Oct., 1959 Nonequilibrium Flows 51,600 
Cornell Aero. Lab., Buffalo, N.Y. Oct., 1959 Molecular Interactions 99, 968 
Univ. of Minn., Minneapolis, Minn. Feb., 1957 Heat Transfer 4 Hypersonic Speeds 40,000 
Mass. Inst. of Tech., Cambridge, Mass. June, 1960 Unsteady Gasdynamics in Flight Ve- 40,750 
hicles 
Vitro Laboratories, West Orange, N.J. July, 1958 High-Intensity Arc Plasma 42,070 
Midwest Rsch. Inst., Kanses City, Mo. Feb., 1958 External Force on Panel Plutter 37 ,800 
Poly. Inst. of Brooklyn, N.Y. Acr., 1958 Problems of Hypersonic Flow 325,000 
Univ. of Toronto, Toronto, Canada Dec., 1959 Magnetogasdynamics 9,693 
Martin Co., Baltimore, Md. dune, 1960 Nonlinear Mechanics Symposium 9,000 
Nuclear Physics 
Stanford Univ., Stanford, Calif. Feb., 1958 High-Energy Electrons Scattering, etc 150,000 
Physics 
Northwestern Univ., Evanston, lil July, 1960 Stellar Motion & Atmospheric Scintilla- 43,823 
tion 
New York Univ., New York, N.Y. Jan., 1959 Control Systems 48,072 
Stevens Inst., Hoboken, N.J. Jan., 1958 Photon Spectroscopy 27 ,276 
Columbia Univ., New York, N.Y. Mar., 1959 Radio Astronomy 29,000 
New York Univ., New York, N.Y. Aug., 1957 Low-Frequency Absorption $ pectra 15,076 
St. John's Univ., Jamaica, N.Y. July, 1960 Electron Collisions (gran!) 29,900 
Univ. of Minn., Minneapolis, Minn. Feb., 1958 Gaseous Electronics 34, 300 
Columbia, Univ., New York, N.Y. Sept., 1958 Infrared MASER 65,140 
Columbia, Univ., New York, N.Y. July, 1960 Radioactive Atoms 38 ,000 
Yeshive Univ., New York, N.Y. Sept., 1959 Transport Properties 34,045 
Princeton Univ., Princeton, N.J. Dec., 1957 Stellar Evolution 6,3%6 
Univ. of N. Hamp., Durham, N. Hamp. May, 1959 Gaseous Plasmas cnd Solids 19,840 
Propulsion 
Litton Industries, Beverly Hills, Colif.. Sept., 1959 Electromagnetic Plasma Accelerator 177,641 
Princeton Univ., Princeton, N.J. ar., 1958 ignition of Solid Propellants 53,000 
Solid State Sciences 
Univ. of Colorado, Boulder, Colo. Feb., 1959 Paramagnetic Impurities in Crystals 39,022 
Univ. of Maryland, College Park, Md. Mar., 1958 Solid-State Theory 38,016 
Brown University, Providence, R.1. July, 1958 Recrystalization 28,839 
Univ. of Calif., Berkeley, Calif. Aug., 1956 Stresses in Ceramic Bodies 33,400 
67 
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people 


“Essentially, this corporation will be 
people—people of the highest quality. 
The United States Air Force recog- 
nizes that men of great scientific and 
technical competence can perform at 
their best only when they can exercise 
their initiative to the full under lead- 
ership which creates the climate for 
creativity. We expect Aerospace Cor- 
poration to provide that kind of 
environment.” 

SECRETARY OF THE AIR Force 


Among those providing their leader- 
ship to this new non-profit public 
service corporation are: Dr. Ivan A. 
Getting, president; Allen F. Donovan, 
senior vice president, technical; Jack 
H. Irving, vice president and general 
manager, systems research and plan- 
ning; Edward J. Barlow, vice president 
and general manager, engineering divi- 
sion; and Dr. Chalmers W. Sherwin, 


A new and vital force 
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EROSPACE 
CORPORATION 


are creating a climate conducive 


to significant scientific achievement 


vice president and general manager, 
laboratories division. 

These scientist/administrators are 
now selecting the scientists and engi- 
neers who will achieve the mission of 
Aerospace Corporation: concentrating 
the full resources of modern science 
and technology on rapidly achieving 
those advances in missile/ space systems 
indispensable to the national security. 


The functions of Aerospace Cor- 
poration include responsibility for: 
advanced systems analysis; research 
and experimentation; initial systems 
engineering; and general technical 
supervision of new systems through 
their critical phases, on behalf of the 
United States Air Force. 


Aerospace Corporation is already 
engaged in a wide variety of specific 
systems projects and research pro- 
grams—offering scientists and engi- 


neers the opportunity to exercise their 
full capabilities, on assignments of 
unusual scope, within a stimulating 
environment. 


Immediate opportunities exist for: 
¢ WEAPONS SYSTEM PROJECT 
DIRECTOR 

¢ SENIOR SCIENTISTS/ SUPERVISORS: 
Propulsion Systems 
Guidance Systems 
Spacecraft Design 
Telecommunications 

¢ SPACE VEHICLE SPECIALISTS: 
Senior Power Systems Engineer 
Sr. Flight Performance Analyst 
Re-entry Aerodynamicist 


Those capable of contributing in these 
and other areas are invited to direct 
their resumes to: 


Mr. James M. Benning, Room 101 
P.O. Box 95081, Los Angeles 45, Calif 


AEROSPACE CORPORATION 


engaged in accelerating the advancement of space science and technology 
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floated into position. Drawing at right shows use of parachutes and retrorockets for recovery. 


Sea Launch Studied for Space Vehicles 


By Larry Booda 


Washington—Interest in moving 
launch operations to sea is growing in 
military and civilian space organizations 
as the size of planned space vehicle 
boosters increases. 

Air Force, Navy 
nautics and Space 
considering the feasibility of establish 
ing sea launch facilities for large | 


and National Aero 
\dministration are 
0st 
ers, and the concept conceivably could 
be extended to missiles 
safety are the major gains involved in 
shifting to this new space launch tech 
nique. 
Several 
seca launch studies, both on their own 
ind with government funds. Some 
have worked alone, and others have 
teamed with shipbuilding firms to 
their experience 
variety of launch bases, including ships; 
ocean-going, partly-submerged floating 


Economy and 


companies have conducted 


tap 


) i] 
Proposals cover a 
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platforms; towers anchored to the sea 
floor; floating booster-vehicle-pontoon 
combinations which can be erected 
after being towed to sea, and systems 
for launching from the sea floor. 

hese proposed svstems could pro- 
vide sea launch bases for: 
e Vertical probes. ‘They could be fired 
varictv of locations around the 
world without the danger of damage 
they fell back to earth. 
e Low orbit tectical reconnaissance 
ittack satellites. They could 
launched into any 100-200 mi. orbit 
without the dog-leg capability required 
with flights from fixed land bases 
e Large tactical missiles, such as ‘Vhor, 


from a 


as 


ind 
be 


\tlas, Titan and Minuteman. Sea 
launch would offer them mobilitv and 
oncealment 

e Large space boosters. The new gen- 


eration of chemicallv-powered boosters, 
such Saturn and Nova, could be 


without the considerable 


iS 


launched 


CX 


pense of building new lan 
e Nuclear rockets. Rover 
clear-powered rockets cou 
without radiation hazards 


land areas. 
Air Force expects to 
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CONSTRUCTION of the three stages for a sea-launched space vehicle (top, left) takes place in drydock facilities. Drawing a 
shows booster and space vehicle being towed to the sea launch area. The booster and space vehicle are erected to launch position (below, 
left) by allowing sea water to flow into a section of the launching pontoon; arrow shows motion of erection. At center, the tender is 
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RUSHING TO A RADAR’S RESCUE | 


Lockheed Electronics engineers — anywhere 
—service every make 
of electronic equipment 


A ship’s “eyesight” needs immediate attention—a 
Lockheed Electronics service engineer swings aboard 
on a breeches buoy to make on-the-spot adjust- 
ments that keep critical electronic systems at peak 
performance. 

Another LEC service engineer may be installing 
telemetry equipment at a missile base; while still 
another, ten miles up in the stratosphere, evaluates 
a jet bomber’s ECM system. 

These LEC experts are qualified to install, test, 
modify right in the field, evaluate and maintain any 
equipment—made by any manufacturer. 


Lockheed Electronics’ highly trained specialists rep- 
resent a new concept in service engineering. An 


unusually large proportion hold advanced degrees, 
and LEC’s Engineering Services Division keeps 
them all constantly abreast of the latest advances im 
the state of the electronics art. 

If you want men with the right skills and full knowl 
edge of your electronic problem, call on Lockheed 
Electronics, Engineering Services Division. 


CAPABILITIES~ ENGINEERING SERVICES DIVISION 
Maintenance engineering 
Range instrumentation and operation 
Equipment modification e Installation engineering 
Training programs, manuals and materials 
Field evaluation e Reliability studies 








wile 
eed 


1ON 





™, MESES TTIVET fe 














MINDING THE FUTURE 


LOCKHEED ELECTRONICS 


COMPANY 


ENGINEERING SERVICES DIVISION, METUCHEN, N. J. 


OTHER LEC DIVISIONS: MILITARY SYSTEMS / STAVID @ INFORMATION TECHNOLOGY @ AVIONICS AND INDUSTRIAL PRODUCTS 


ENGINEERS AND SCIENTISTS: For unique position advancement opportunities, 
please contact our Professi | Pi t Office in Plainfield, N. J. 














Only Fenwal’s complete line of detection systems covers 
all forms of fire and overheat danger in aircraft, mis- 
siles, and space craft. Only Fenwal covers all ‘hidden 


hazards’’! 


Fenwal Detection Devices include: Unit Detectors for 
“spot” protection; Continuous Fire Detectors for posi- 
tive coverage of larger areas; and the latest Fenwal ad- 


Only vances — FIDO (Fire Inspection Device Optical), and 
the Surveillance Detector (Photoelectric device, sensi- 


Complete Line tive to flame or to heat radiation). Advanced ways to 


‘*see”’ fire! 


of Fire and Overheat And Fenwal contributions to safety in flight go beyond 


the detection phase. Fenwal also designs Explosion 


Detection Devices e e e Suppression Systems for protecting both military and 


commercial aircraft. A Fenwal engineer will be glad 
to assist with your particular detection or explosion 
protection problems. Write FENWAL INCORPORATED, 


1215 Pleasant Street, Ashland, Massachusetts. 
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launch concept but has not generated 
any specific requirements. The agency's 
Nova vehicle will be powered by a 
cluster of large chemical boosters or a 
nuclear propulsion system, and NASA 
does not expect to produce a launch 
base requirement until it decides what 
kind of engines will power Nova. 

Presentations of studies have been 
made to NASA by Cal-Val Engineering, 
teamed with Harbor Boat Building Co., 
Daniel, Mann, Johnson and Menden- 
hall (AW Sept. 12, p. 122), Kaiser 
Steel, American Machine and Foundry, 
and Aerojet-General teamed with ‘Todd 
Shipyards. 

Numerous advantages for launching 
it sea have been offered. Principal one 
is economy, since land installations are 
becoming more complex and expensive 
Another is safetv in case of failures by 
large chemical rockets and, later, nu 
clear-powered rockets 

For equatorial orbits, sea launch 
would permit the use of simpler guid 
ance systems. If a vehicle launched 
from Cape Canaveral, Fla. or Vanden 
berg A} B, Calif., d dog leg would have 
to be added to the launching flight 


Ppath to change the flight plane from 
Hone passing through the launch site 


to the plane of the equator 


Cost Estimates 


Various estimates of the additional 
cost of dog-leg launches have been 
made, but the minimum estimate is 
45.50%. Other estimates run three to 
five times the cost of the simpler guid 
ance. Equatorial launch also could be 
made from a sea base without the ex 
pense of establishing a new land base on 
the equator 

In firing high-thrust powerplants, on 
high cost factor is the construction and 
Operation of blast deflectors. In static 


Biesting, millions of gallons of wate: 
Smust be used for cooling. Water cvoled 
deflectors and towers would be elimi 


Mated in sea testing and launching. 

“With military svstems, the Navy ad 
ances the argument that mobility and 
Secrecy are offered at sea for launching 
missiles and military satellites. Land 
sites, easil\ pinpointed by an enemy, 
would have to be considerably hardened 
for similar protection. 

The coming of larger boosters brings 
a requirement for novel wavs of con 
structing and handling them. Mobility 
will be reduced as the boosters become 
too large to be built at the manufac 
turer’s ‘plant ind hauled to test and 
launch sites 

One answer to this problem is to as 
semble the booster at its launch site 
Another is to build it near water so its 
size is not limited by road and rail 
facilities and it can be loaded directly 
o ships to be hauled to a sea launch 
ite. Ships could accommodate — the 
Whole vehicle, or at least larger compo 
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DATA HANDLING 
Civil and Military 
Digital and 
L Analogue Systems 





AIR TRAFFIC CONTROL SYSTEMS 
The Marconi $264A 50 cm. radar is 
the most advanced air traffic control 
radar in the world. It will operate 
anywhere, including mountainous 
country, in all weather conditions. 
It is designed for the control of jet 
aircraft from take-off to 150 miles 
plus, combining the three roles of 
Airfield Control, Terminal Area 
Control and Long Range Airways 
Surveillance. Several versions are 
now available to suit varied circum- 
stances and continuous research is 
being devoted to ensure continued 
progress and development of Mar- 
coni 50 cm. radars. 








LONG RANGE HEIGHT FINDER 
The Marconi $244 is the most advanced and accurate height finder in 
world. In conjunction with the Marconi control system it can handle 
15 random targets per minute. Height references are related to a shock 
mounted artificial horizon which overcomes the instabilities inherent in 
all large supporting structures and gives the greatest known accuracy. The 
equipment operates satisfactorily in all weathers and climates from Arctic 
snows to tropical monsoon precipitation. It may be ‘radomed’ for protec- 
tion but will withstand wind speeds up to 120 knots without ‘radoming’. 


MARCONI 


COMPLETE CIVIL AND MILITARY RADAR SYSTEMS 
SURVEYED - PLANNED - INSTALLED - MAINTAINED 
Mr. J. S. V. Walton, Marconi’s Wireless Telegraph Company Limited 
Suite 1941, 750 Third Avenue, New York 17, N.Y., U.S.A. 


the 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED 



















Marconi’s offer a complete 
consultancy and engineering 
service in the installation of 
radar systems. All Marconi 
radars and data handling equip- 
ment have been designed for 
integration into the most ad- 
vanced air traffic control and 
defense systems at present in 
operation or contemplated in 
the foreseeable future 

Marconi radar is in constant 
use in 36 countries. 










































LONG RANGE SURVEILLANCE RADAR 














This versatile radar can be adapted 
to a diversity of applications. The 
Moving Target Indicator eliminates 
the echoes from stationary objects. 
Distortion of the reflector profile is 
prevented by the main member 
being a 6’ 8” diameter tube, thus 
giving increased accuracy over a 
longer life. A unique mechanical 
design feature ensures that the turn- 
ing gear is unaffected by slight sub- 
sidence of the site. Like the $244 
the equipment is ‘all weather’ and 
‘all climate’ and wil! withstand wind 
speeds up to 120 knots without 


‘radoming’. 
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THE MISSILE RANGE: Measure of Capability 


The missile range today is a vast proving ground for advanced 
technologies. It symbolizes the “state of the art” in computa- 
tion, physics, chemistry, metallurgy, propulsion, hydraulics, 
electronics, inertial guidance, communications and every other 
scientific field. 

The most critical need of the missile range is to Know system 
performance exactly. This calls for integrated standards of 
measurement and data handling, and therefore for entire sys- 
tems and entire installations engineered to that objective. 

To this problem Sperry Rand has a logical answer: com- 
patible instrumentation. The scope of Sperry Rand capability, 


illustrated above, embraces the whole panorama of the space 
age. Compatible Instrumentation is the principle of precision 
in missile range measurement, and a plan of action for apply- 
ing this principle to projects now developing. 

For the necessary team approach to missile range tech- 
nology Sperry capabilities are joined with those of all other 
corporate divisions which have contributions to make—among 
them Ford Instrument Company, Remington Rand Univae, 
Vickers Incorporated and several component divisions special- 
izing in microwaves, electronic tubes and solid state devices. 
General Offices: Great Neck, N. Y 
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ESTIMATED CHRONOLOGY OF U. S. SPACE PROGRAMS 





1960 __1961 1 1962 2263 1964 , 1965 eae 1967 ' 1968 | 1969 1970-75 + 1975-85 1985-2000 
| | 


















































u I Satellite, ; Space 1! Probes, Lunar! | Near-Miss 
Comrunicetions , Navigation | » Meteorological, Missile Early Warning l, Reconn, Satellites, Space Probes 
Manned Cepsule_ in ;Orbit , Lunar Impact, Lunar orbit and Return 
' ‘| Plenetary Probes , Commercial Communications Satellites 
} Luner Soft Landing , Geophysical Satellites 
\ ; Electronic Countermeasures Satellites - 
| Manned Earth Satellite Station, Lunar Semple Returned to Earth 
! | Planetary Orbiters, Luner Soft Landing with Mobile Vehicle 
i ' Dee Space Probe Beyond Solar System 
I t ' Soft Instrument Lending on Planets 
y " ' Manned Earth Satellite Space Laboratory 
| t ' uner_ Circumnevigation 
| i tional Manned Military Space Platform 
Saae. Men on the Moon and Return 
| 1 y I | Lunar Base, Manned Flights to Near Planets 
| | i | | j Manned Mars and/or Venus Bases 
aa) eee ee ae eee Menned Flights to Distant Planets 
! y | Manned Bases at Distant Planets 
NASA TEN-YEAR PLAN | | 











AEROJET-GENERAL CORP. has projected future U.S. space programs 30 years beyond the NASA 10-year plan. 


nents than could travel by rail or high- launching very large vehicles. It is After a normal nuclear launch, or in 
wav. especially suited for launching of nu- the event of a nuclear accident which 


Typical of the proposals made to clear rockets, the company says, be- would destroy the platform, personnel 
ARDC is that of Thompson Ramo cause of the isolation inherent in in the control areas in the buovant 
Wooldridge. It calls for construction of | remote sea areas and the availability of | outer ring 125 ft. below the surface 
gn offshore platform which would be unlimited quantities of sea water for would be evacuated by a marine 
lnchored to the sea bottom after it was nuclear shielding. through an airlock. After normal 
Mowed to the launch area. As proposed, PROP would accom- launch, a number of decontamination 

There would be pilings supporting an modate a vehicle 40 ft. in diameter procedures would be carried out. Re- 
Wnderwater substructure containing the and 300 ft. long. The superstructure construction after an accident would in- 


tontrol center for a launching. Above would be above the reach of high seas. _ volve only the work on the platform and 
this would be a launching platform It would be supported by buovant crane, and there would not be the radia- 
Which could be replaced in the event of _ chambers below the wave forces of tion contamination that would norm tll 
lan accident, leaving the control com- such seas. have to be considered at a land instal- 
5 &x unharmed. TRW proposal speci- Logistic supply would be by ship. _ lation. 

ohes about 150 of these platforms, to be A shipboard crane would hoist the vehi- 
Sbuilt after development of the launch cle, housed in a protective cocoon, on 
yehicles. Cost would be about $6 mil- deck. After removal from the cocoon, Aerojet points out that its cept is 
Tion each. it would be let down into the central not static. It can be varied for size of 


Concept Is Variable 







































































tube where prelaunch final assembly vehicles, functional capacity and mode 
rent Approaches and checkout would be accomplished of operation. 

m Acrojet-General proposals include out of the reach of the weather. After Another Aerojet concept, which could 
meveral different approaches to launch- _ preparation, vehicle would be hoisted to be used in conjunction with PROP or 
ing at sea. One includes an idea similar firing position on the platform. fitted into another svstem, would have 
to the TRW tower. Another would 
make the entire rig capable of floating io 2 — — 
in deeper water and being towed any- 
where the water is 400 ft. or more deep. | rraweD 

Pi In preliminary company-funded work, MISSION REQUIREMENTS ASSUME 
m Aerojet and ‘Todd Shipyards have built ed Te ISP *1000 SEC aed 
| a ship similar to a floating drvdock THRUST 3.100,000-LB. PAYLOAD 
y- which would carry a vehicle to sea ina fg n't a 
LB 10 — 
horizontal position. On station, the “<i 
h- launch vehicle would be erected, the 108 Ps MANNED ROUND -TRIF 
er ship would be partially submerged, Fg TO MARS, VEN 7 
ag then the vehicle would be launched. ; 
° The size of this experimental ship a . Pa 
rt would permit current boosters and ‘ SATURN “# NOVA MANNED ROUND-TRIP 
é those planned for the immediate future © AT > NEAR SATURN, ‘a. es 
S. LAS JUPITER 
to be launched. pe sie. 
The principal concept studied by 10° -REDSTONE Wp En ——~ 
Aerojet, however, is known as PROP, Bee 
for Planetary Rocket Ocean Platform, 104 VIKING eae an 
| which is said to meet all the require- 1940 1950 1960 1970 1980 1990 2000 
ments for assembling, testing and GRAPH shows future booster capability with new propulsion systems (AW Dec. 5, p. 38). 
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my CHANCE VOUGHT CORPORATION 


The name used to be Chance Vought Aircraft, and it fit the 

company perfectly. No other name is more closely associated 
' with aviation’s growing years and great hours. Vought 
| aircraft...a parade of over 40 different models... have 
served the U.S. continuously since 1919. Now, with the 
| Crusader fighter helping to maintain the Free World’s border 
| watch, and with a newly developed all-weather version 

enroute to join the 700 Crusaders already delivered, aviation 
" remains a vital interest at Vought. But today, Chance Vought 

has expanded beyond its traditional field into other market 
| areas both military and industrial « The Aeronautics Division, 
' which supplies the new all-weather Crusader to the Navy and 
| is at work on other aircraft and missile projects, is also 
| headquarters for a company-wide anti-submarine effort « 
"The Astronautics Division — deep into studies for manned 
4 Space flight — is prime vehicle contractor for the NASA Scout 


~~ = 


* 


and a key contractor on the Air Force Blue Scout Junior, 
both research rockets * An aggressive Electronics Division 
supplies components and systems to major U.S. defense and 
research programs « Vought Range Systems is a world-wide 
service organization with space-tracking, range instrumen- 
tation and many other responsibilities * Vought Research 
Center feeds basic knowledge to all divisions * A subsidiary 
— Vought Industries, Inc. — is the nation’s leading producer 
of mobile homes « Another subsidiary — Information Systems, 
Inc. — produces industrial automation and process control 
equipment « National Data Processing Corporation, in which 
Chance Vought owns a majority interest, specializes in 
business data processing equipment particularly in the 
banking field * Now, under Chance Vought Corporation, these 
diverse activities are associated in name as well as in skills 
and resources to serve both old and new customers better. 


NEW 
IH ES 


ADDED 


NEW 
"> _) customers 


Aeronautics + Astronautics + Electronics *« Range Systems + Research « Mobile Homes « Industrial Automation + Business [ 


CHANCE 
'VOUGHT 








Solar gas turbine APU 
starts and supports 
Army’s new YHC-1B 
jet helicopter 


ie 








Solar’s new Titan T-62T gas turbine APU 
enables the Army’s YHC-1B Chinook to start 
anywhere without ground support equip- 
ment. It provides the power necessary to start 
the engines and to operate all hydraulic and 
electrical systems. The self-sufficient turbine 
develops up to 80 hp, is only 12% in. in diam- 
eter by 25 in. long, and weighs 61 lb. Solar 
APU’s may be equipped with an alternator, 
generator, hydraulic pump, pneumatic com- 
pressor or combinations of these units, For 
additional information write to Dept. H-188, 
Solar Aircraft Company, San Diego 12, Calif. 





SOLAR BY 


AIRCRAFT COMPANY 





A subsidiary of International Harvester Company 
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the vehicle towed to sea from a seaside 
construction site. 

rhis alternate system calls for a flood- 
ble sponson to be attached to the firing 
end of the vehicle. At the firing site, 
the sponson would be flooded at its 
farthest end, automatically erecting the 
launch vehicle to the vertical position 
for firing 

An extension of this system involves 
sing from the sea bottom in relativel\ 
shallow areas 

Martin Co. has studied independ 
ently a tanker concept for supplying re 
mote or sea-based launching sites with 
propellants (AW Sept. 5, p. 68). 
' NASA, Air Force and the Navy all 
are careful to point out that the sea 
lunch is still in the exploratory stage. 
Thev feel however, that with increasing 
size, weight and propulsion complexity, 
launchings mav have to make use of the 


ocean areas. Specific system designs 


OMaAYrN oOMA—-2G 


Tiros Il 
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will have to wait for vehicle develop- 
ment, when their configurations and 
operating capabilities will be known. 

On missile bases, Air Force estimates 
that multiple launch sites hardened to 
100 to 300 psi. would make any attempt 
to knock them out uneconomical. Cur- 
rent yardsticks for 10-megaton bursts 
show that 5 psi. structures would be 
destroyed at 15,000 yards from ground 
zero. Costs for hardening to 100 to 300 
psi. have not been published. Some Air 
Force officials have even discussed hard- 
ening to 10,000 psi. These site harden- 
ing costs could be avoided by using the 
sca launch approach. 

In launch aborts, the greatest cost is 
in reconstruction of the installation. 
[his not only involves high cost but 
the loss of valuable use time of a sp« 
cialized complex. These factors would 
be greatly diminished in sea launch op- 
erations. 





Satellite Atop Thor-Delta 


Titos If weather observation satellite, launched into orbit recently from Cape Canaveral, 
Fla. (AW Dec. 5, p. 28), is shown atop 
vehicle before installation of the nose fairing. 


a Douglas Thor-Delta rocket 


launching 
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Critical electrical parts in high - heat environme are typical 
applications for ‘Teflon’ —a vital material wt R/M spe- 
cialists can best fabricate into the forms you need and deliver 
according to your schedule. New bondable R/M “Teflon” 
further increases applications in the aeronautics field. 


If it calls for 
TEFLON, just 
call for R/M 


No need to restate the unique ibina- 
tion of electrical, chemical and physical 
properties of “Teflon.” You v that 


for many aircraft and missile parts 
calling for high dielectric st: th and 
heat-resistance, there simp s no 
substitute. 

Your main concerns with “Teflon,” 
then, are where to get it fas 1 who 


can best meet your specs. 
On both counts, the answe R/M 


A pioneer in the processing of “Teflon” 
into sheets, rods, tubes, tape, hose and 
other machined parts, R/ M ‘rs you 
a complete “Teflon” service service 
that can help assure you mum 
performance and reliability ritical 
components. 

It will pay you to talk “Teflon” with 
R/M. Call your nearest R/M district 
office (listed below) or write Plastic 
Products Division, Raybestos-Man- 
hattan, Inc., Manheim, Pa 
*Registered trademark for Du Pont fi n resin 


PLASTIC PRODUCTS DIVISION 


RAYBESTOS-MANHATTAN, INC. 


Manheim, Pa. 


BIRMINGHAM 1 ¢ CHICAGO 31 ¢ CLEVELAN e DALLAS 26 
DENVER 16 * DETROIT 2 ¢ HOUSTON . 5 58 
MINNEAPOLIS 16 e NEW ORLEANS : AIC 
PHILADELPHIA 3 « PITTSBURGH 


. aN 5 


SEATTLE 4 o@ PETERBOROUGH N ANADA 
SPECIALISTS IN ASBESTOS, RUBBER, 
ENGINEERED PLASTICS, SINTERED METAL 
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Seamless Steel Tubing comes in almost every shape and size, 
that is, if it's USS National Seamless Mechanical Tubing. 


USS and National are registered trademarks 


Watch United States Steel's 


National Tube special Christmas show, The 


Coming of Christ, in Color 


Division of on NBC-TV, Wednesday, De 
United States Steel rT ee 


Columbia-Geneva Stee! Division. San Francisco Pacific Coast Distributors: United States Stee! Supply Division; United States Steel Export Company, New York 





First completely successful firing of the four-stage 
Scout vehicle carries a USAF payload in 80-min. 
probe to 3,500-mi, altitude and range of 5,800 mi. 


Payload, fourth stage and interstage connectors of the first successful four-stage 
Scout are assembled at NASA’s Wallops Island, Va., station. 


NASA Launches Four-Stage Scout 


On Developmental Test Flight 


Instrumentation is installed on the payload section of the first successful Scout 
vehicle. Payload contained USAF radiation-measurement equipment and instru- 
ments to monitor flight performance of the tully-guided Scout. 


Assembled 72-ft. Scout vehicle is ready winch at 
Wallops Station. Vehicle weighs 36, ind is 


largest all-solid-propellant vehicle law y US. 














NASA Programs Saturn Booster Recovery 
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New York—No attempt will be made not be tried in the first tests in order the atmosphere. After re-entry, a conj- 
to recover boosters in the initial Saturn to keep the tests as simple as possible. cal drag-stabilization balloon will de. S| 
test flights, but booster recovery is He said, however, that spent booster _ ploy. 
definitely scheduled later in the Saturn recovery will be the next major method Landing system consists of three 
program, according to Dr. Wernher von to reduce space transportation payload — cargo parachutes. Ca 
Braun, director of the National Aero costs per pound. Saturn will put onc At 100-ft. altitude, solid propellant yrem: 
nautics and Space Administration's pound of payload into orbit for $500, retrorockets will ignite to reduce land- the A 
Marshall Space Flight Center. compared with $1 million per pound _ ing velocity close to zero. vided 
NASA was planning to start a new for the first Vanguard, he said. Spent booster will follow a ballistic vessel 
series of 6-8 static tests of the 85-ft. : trajectory into an estimated 5-mi. dis. missil 
Saturn at Marshall last week in a devel- Recovery Technique persal area, where a landing ship dock point 
opment program leading to the first Recovery technique will involve use (LSD) will be stationed for retrieval. To 
test flight next summer. of a control svstem to orient the casing New test series beginning at Hunts. Falls 
Von Braun said that recovery will in a tail-down attitude as it re-enters ville, Ala., will use booster chambers ing) 
approximating those of the flight vehi- N7C 
cle. comps 
[wo tests of the clustered eight ing 
+. engines are planned for duration of less LOR: 
ioe than 30 sec., and the rest will run 100 positi 
sec. Or more. begin 
Each engine will develop 165,000-Ib. fight 
thrust initially, and the system will be Pershi 
developed so that ultimately each will Range 
develop 188,000-Ib. thrust. mi. b 
First Tests Successful ore 
First series of eight captive tests was sites al 
completed in June, and von Braun said ship te 
thev were “100% successful” in estab Prev 
lishing the feasibility of clustering large station 
liquid rocket engines. ; mensio 
Current series will use engine cham- error O 
See SS <—" bers with heavier shielding added to Twin { 
amie : “ : pe: the tail section. Heat shield has been tions v 
PALAEMON, a 180-ft. long, 38-ft. wide barge that will transport NASA’s Saturn heavy sastalled at the nozzle throet Mean ‘ I 
space booster to its launch site at Cape Canaveral next year for its first flight test, arrived * peli a Bie Nite sacl led ve sahil 
last week at the Marshall Space Flight Center, Huntsville, Ala., after a 16-day trip from tween the nozzles of the fout inboard " : 1 
Houston, Tex. Built by the Todd Shipyards Corp. of Houston, the barge contains its own coats Fire: seat Yee been installed oa 
electrical power source, instrument room, kitchen, sleeping for 10 persons. tis | fu ate a ae ; 
elow the fuel and liquid oxygen tanks, quality 
and a lower shroud has been added to and th 
encase the engine down to the level of should | 
the flame. graming 
lest program is being run to deter- ~ LOR 
mine general engine performance, using Falls w: 
900 data channels to record informa- cated b 
tion on vibration, pressure, tempera- surveys. 
ture, acoustical measurements and fuel sites at 
consumption rates Island a 
Sound Distribution ay 
Measurements will be made on the lay dow 
booster, the test tower and in the ad- bolic pa 
QENGINE joining area to determine sound dis vessel wi 
FIRE WALL 3% MSNicomParTMENT tributions caused by addition of the of the | 
‘? lower shroud. compute 
HEAT SHIELD In other Saturn developments, Mar- and lon; 
—- SHROUD shall is evaluating proposals for a study alls wil 
4 OUTBOARD contract for automated test equipment tion witl 
ENGINES for the booster stage, and Douglas Air Radar 
4 INBOARD FLAME SHIELD craft Co. has been awarded an $85,000 } consists 
ENGINES contract to study operational aspects of tracking. 
the second generation Saturn C-2 con- pick up 
SATURN T L figuration. fadars ar 
Al Douglas study, due in eight months, } and rang 
will examine production, recovery and links. V\ 
reconditioning, checkout, static test, puted tra 


Its posit 





transportation, launch site operations 


LOCATION of shielding to protect against radiated and conducted heat generated in 
and facilities and flight evaluation. 


Saturn captive tests is shown in this drawing of the tail section of the booster. launch st 
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MISSILE ENGINEERING 





Cape Canaveral, Fla.—Absolute meas 
yrements of missile trajectories down 
the Atlantic Missile Range will be pro 
vided by the newest USAF downrange 
vessel, T'win Falls Victory, using the 
missile’s launch stand as the reference 
point for the tracking operation. 

To perform precision tracking, ‘T'win 
Falls is fitted with AN/FPS-16 (track- 
ing) and SPN-8 (surveillance) radars, 
N7C inertial platform, Mark-19 gyro 
compass, UHF transmitting and receiv- 
ing antennas and __ high-frequency 
LORAC (Long Range Accuracy) radio 
positioning equipment. The ship will 
begin operating by mid-1961 with 
fight tests of the Army’s solid-fueled 
Pershing  surface-to-surface missile. 
Range of the vessel will be about 500 
mi. but this can be extended without 
dificulty when more downrange geo- 
graphical points or additional LORAC 
sites are more precisely located for the 
ship to position itself. 





Previously, only land-based tracking 





(three-di 
mensional) measurements, within an 
error of 0.2 mils (20 ft. per 100,000 ft.). 
Iwin falls is expected to begin opera 
tions within 1 mil and improve with 
time. Biggest advantage of the vessel is 
its ability to move into varying target 
eas and meet requirements of differ- 
ent programs. USAF also feels that 
quality of tracking data should improve 
md that the range safety problem 
should be considerably alleviated by pro- 
graming morc shots toward open seas 
~LORAC sites, on which the Twin 
Falls will position itself, have been lo- 
cated by first-order coast and geodetic 
surveys. ‘l'wo networks, one comprising 
sites at Jupiter, Fla., Grand Bahama 
Island and Carter Cav, a Bahama bank 
island, and the other including Carter 
Cay, Great Stirrup and Eleuthera, will 
ly down base lines developing hyper- 
bolic patterns. Phasemeters aboard the 
vessel will read the shifts between lanes 
of the patterns and, from previously 
computed relationships between lanes 
and longitude and latitude, the Twin 
Falls will be able to determine its Posi- 
tion within 30 ft. 

Radar operation of the Twin Falls 
consists of two modes—acquisition and 
tracking. Land-based stations will first 
pick up the missile’s flight on their 
fadars and transmit azimuth, elevation 
and range data to the ship through radio 
inks. With this information precom- 
puted trajectory tapes and knowing both 
tS position and the position of the 
4unch stand (also determined by first- 


stations have made absolute 
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Ship Provides Precise Missile Tracking 





TWIN FALLS VICTORY, newest USAF downrange vessel, will make absolute measurements 
of missile trajectories. Twin Falls, built in 1945, is 455-ft. long with a 62-ft. beam. 





ENGINEER checks out precision tracking AN/FPS-16 radar aboard Twin Falls 


Angular 


tracking data of the radar is corrected by stable inertial platform in room beneath pedestal. 


order coast and geodetic survey), the 
I’ PS-16 will search until it locates the 
missile. Once located, the radar will 
lock on its tracking mode and the data 
fed into a computer. 

‘The N7C inertial platform records 
the pitch, roll and vaw of the ship and 
the rigidly-mounted radar platform. 


This information is also fed into the 


computer, where data processing cor 
rects radar angle data with angle data 
from the stable platform. Corrected in 


formation is then stored gnctic 
tape. 

SPN-S surveillance radar d for 
impact location and is simil MTICT 
based GCA radar. 

Corrected tracking data | trans 
mitted to overhead downra urcraft 
on UHEF transmitters and fi back to 
the Cape, eliminating th ity of 
the ship’s return to port 

[otal cost of conversion, in ng all 
equipment described abo $10 
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within Hughes communication satellite, shown in block diagram, can 


receive and retransmit up to 600 two-wire or 300 four-wire messages across continental 


distances. 
based commands and handle guidance signals. 


Blue Scout), Hughes scientists have set 
tled on Jarvis Island, two squar 
of U. S. Department-of-Interior-ac 
istered property situated slightly below 
the equator, about 1,300 mi. south of 
Honolulu. Besides the attractiveness of 
3 deserted location for 
launch, th 
of miles of down-range (¢ 

sea Launched from this spot 
the payload, were it to attain station 


be located at 51.9 d 


mies 


iin 


in equatorial 


island also offers hundreds 
istward ypen 


areas 


irv orbit, woul 
west longitude, Rosen says 

Successful orbiting 
it this point would plac 
ibove an ar 


of Belem \ 


within 


over Brazil 
coastal city 
geographical points 
cation distance from 
encompasses most of North an 
America, Western Europe an 
man arc from Benghazi to Cay WI 
If this plan were followed. Hughes is 
thinking initially of two fixed 


Li 


this single 


tenna 

I 
ground stations, one in the 
irea, the 


le 
Belgium 


second probabl 


Fifth Stage Velocity 


The payload woul 
im equatorial 


transfer ellipse 


piane, 
ite; 
tage rocket 


OT addi 


cation 

stage rocket) and, after coasting 

gee, would be 

synchronous orbit. The fifth st 

plies additional velocity an 

the velocity cutoff mechanisn 
Launch sequence for the 

payload (including fifth and 

or apogee, Tf cKets 

Rosen as follow 

eastward from Jar 

stage burnout it 

is attitude-cont 

stages. 


64 


Entire avionics package weighs 64 Ib.; 


injected into a nominally pi 


Fourth st: 


hihvzed 
IDLUIZCC 


we and payload ar 
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\ single-plane doppler interfer 
mn Jar 


ter 
Cl 


' f ' 
guidance svstem, located 


measures the vehicle’s altitude 
locity. At appropriate 
ground command cuts off 
the fifth stage separates fr 


the mone 
thrust 


th 
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he 


tage separation and the payload 
ts f 


iching apoget 


intenna erects during 
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cr phasing 


pulses , 
clam-shaped sun sensor 
The plane of sensitivitt 
passes through the satellite’ 
ind determines spin pha 
plane of sensitivity of the 


+} 


ind 
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it will also telemeter data, receive ground 


rink 


is tipped 35 deg. with respect to the 
first and is used to determine angle of 
the sun relative to spin axis of the 
satellite. With this spin infor 
mation, telemetered from payload back 
to ground guidance station, a synchro 


. 
ingic 


commands for 


ind velocity jets 


nous controller generates 
the onentation 

A second thrust 
through the payload’s center 
normal to the 
correction 


control jet, whose 
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velocity 
this velocity 
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Man-in-Space Contracts 


AFB, Calif.—Contract for a 
telemetry 


k-dwards 
12-channel biological system 
(AW Navy. 21. p 
mitting a pilot's physiological responses 
the X-15 
and Dyna-Soar, was awarded last week to 
Hughes Aircraft Co., Culver City, Calif. 
Value of the award was placed at $78, 
698 

This is the second in a series of four 
to the Air 
lest Center instrumenting 


23) capable of trans 


during flights of vehicles like 


awards be made by Force 
Flight 
man-in-space environments. 

A $47,100 contract for 


be 


for 
a pressure gas 
sensor is about to awarded and a 
contract for a blood pressure mcasuring 
fourth 
is expected in the near future 

First in the series went to 
Spacelabs, Inc., Van Nuys, Calif., late 
in October. this $23,579 
tract, Spacelabs will build a breathing 


study 


device, contract in this series 


contract 
Under 


con 


device 
and depth in a full pressure 


to measure man’s respira 
tion rate 


suit. 
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TRIGA Mark-F now in operation at General Atomic. 


MEGAWATTS 


The TRIGA Mark-F Pulsing Reactor 


General Atomic Division of General Dynamics Corporation is 
pleased to announce a new addition to its TRIGA family of 
reactors—the TRIGA Mark-F Pulsing Reactor. 


The TRIGA Mark-F, developed by General Atomic, is especia 
designed to yield short reproducible pulses of neutrons and gam 





rays for use in nuclear effects research and testing. It is capable 





of being pulsed repetitively to peak power levels of over 2,000,001 MILLISECONDS 
kilowatts with half-maximum pulse widths of 10 msec, owing t 

inherent characteristics of the TRIGA reactor’s unique uraniu: 

zirconium hydride fuel elements. During pulsed operation, a m 

flux of 6 x 10'* neutrons/cm?*-sec. can be achieved. The Mark-! 

design permits variation of neutron to gamma dose ratios 

by a factor of ten and provides for a large, easily accessible ex; 


window immediately adjacent to the core 


A prototype of the TRIGA Mark-F was placed in operation the 
summer of 1960, and construction of two such reactors will be 
completed in 1961 for the United States Government, including 
for the U.S. Army’s Diamond Ordnance Fuze Laboratories. Ot! 
versions of the TRIGA include the TRIGA Mark I and Mark | 
reactors—for training, research and isotope production—whic! 
now in use, or soon will be, on five of the six continents 

For more information on the TRIGA Mark-F, write to 

TRIGA Applications Group, General Atomic, 

P.O. Box 608, San Diego 12, California 


Openings for electronic and electrical engineers. 


Write: Manager of Personnel, General Atomic 


A 
GENERAL CYNAMNCS / GENERAL ATOMIC DIVISION 











Reporter on the prowl 
Norden’s Doppler Wind-Distance Computer 


In anti-submarine warfare operations, the Navy’s 
Air Arm acts as an aerial eye transmitting target 
information to surface attack vessels. Norden’s 
compact, lightweight Doppler wind-distance com- 
puter presents the pilots with a continuous display 
of wind velocity and provides accurate information 
on distance travelled. In the absence of Doppler 
return, the wind-distance computer continues to 
provide distance data, based on air speed and com- 
puted wind information 


7 ye 


| 


’ 


The Norden Doppler wind-distance computer 
project, successfully developed for the Naval Air 
Development Center at Johnsville, Pennsylvania, 
testifies to the company’s capability in the air- 
borne analog computer field. And every Norden 
achievement in the area of advanced electronics is 
another step toward extending man’s capabilities. 
Stimulating positions are available at all levels of 
responsibility for qualified engineers and scientists. 


NORDEN DIVISION 
UNITED AIRCRAFT CORPORATION 


STAMFORD, CONNECTICUT 





respects from the Scout version. Thor 
Delta version is heavier, employs four 
toroidal steel tanks filled with com- 
pressed nitrogen required by the con- 
trol jets. It weighs 118 Ib., including 
what for Thor-Delta would be the 
fourth stage, the apogee rocket. After 
apogee-rocket burnout, and separation 
of rocket case, weight in orbit is 52 Ib 
Gross weight of the Scout payload, in 
cluding five-stage rocket and six-stage 
apogee rocket is 150 Ib. After separa- 
tion of the fifth stage, and burnout of 
the apogee rocket (the apogee rocket 
itself does not separate from the satel 
lite in this version), the Scout-boosted 
satellite weighs 32 |b. Part of the weight 
reduction in the Scout version is made 
possible by less demand on jet supply 
Supply for this version is contained 
two titanium toroidal tanks 


Guidance System 


The satellite's guidance system, a 
single-plane doppler interferometer sys 
tem, would be situated on Jarvis Island 
It consists of an 800 w. UHF guidance 
and command transmitter, a nearby S$ 
band receiver, both equipments on gun 
mounts, and an angle tracking S-band 
receiver displaced about two miles on a 
tracking pedestal to form an interferom 
eter 

The 


has d 


whi h 
rate, 


each of 
range 
clevation 


two 
10-ft 
clevation 


FCCCIVCTS, 
mcasure 


ind 


dish, 
range angle 
angle rate 

At the 


puter solves 


an analog com 
linear equations 
time 

signals for thrust 
rocket firing 
locity jet oper 
turn-on 


first receiver 
necessary 
ind computes cutoff 

The 
cutotl , 
onentation and 
and satellite transmitter 
turn-off during transfer cllips 
Total cost of instrumenting 
including preparation of a 

130 runway on the 


transmitter 
commands apogee 
ition 
ind 
and 
eclipses 

the island 
5.000 ft. € 


would be 


island, 


less than the range cost for 


firing a single large booster from Cape 
Canaveral 

l'ransporting personnel to and main 
it Jarvis would increas 


taining them 


this considerably, however 


Project Leaders 


A number of engineers and scientists 
at Hughes pooled their talents in an 
ilyzing, designing and engineering the 
satellite project. Among them wer 
Tom Hudspeth, responsible for the 
avionic design, Don Williams, orienta 
tion method and dynamic analysis of 
the entire system, Ralph Colbert, su 
pervision of the structural design and 
integration of units, and Ed Marriott, a 
project manager for mechanical and 
thermal design of the payload 

Besides completing the Thor-Delta 
payload, Hughes has finished the trans- 
mitter and analog computer and has 
breadboarded the receiver 
AVIATION WEEK, 
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Air Force Research Grants 


Washington—Contract awards and grants for basic scientific research in universi- 
ties, nonprofit institutions and industrial laboratories made by Air Force Office of 


Scientific Research since Aug 
lows: 


Contractor 


Ohic Sete Univ., Columbus, Ohio 
Univ. of Georgie, Athens, Ge 


Mess. Mental Heelth Cntr, Boston, 


Moss 
Obie Stete Univ, Columbus , Ohio 


Univ. of Cellf., Berkeley, Calif 
RIAS Division, Beltimore, Md 


Columble Univ. New York, LY 

Univ. of Calif, Berkeley, Calif 

Purdue Res. Found., Lafeyette, ind 

Univ. of Wesh., Seattle, Wesh 

Wash. Siete Univ. a Wash 
, Calif. 


Univ. of Calif, Borkete 

Rensselaer Poly inet. Ay LY 

Southern Research inet, Birmingham 
Ale 


Nerth western Univ. Evanston, il 
Kent State Univ, Kent, Obie 

Tufts, Univ. Medford, Mess 

Univ. of NM. Hemp., Durham, N. Hamp 
Johns Hopkins Univ. Beltimore, Md 
Nerth western Univ. Evanston, If! 
Univ of Oregon, Evgene, Oreg 


Cornell Univ. Hhece, LY 

Univ. of Kensas, Lawrence, Kon 
Johns Hopkins Univ, Beltimere, Ma 
Univ of Minn. Minneapolis, Minn 


Princeton Univ., Princeton, NJ 
Poly tnet ee wy 

“a Un 8 , ind 
Poly. Inet at becthen, MY. 





Univ. of N. C.. Chapel! Hill, NLC 
inet. for Adv. Study, Princeton, NJ 
Carnegie inst. of Tech. Pittsburgh, Po 


NM. Amer. Avietion, Downey, Collf 
Cornel! Aero. Leb., Buffelc, N.Y 
Univ. of Minn, Minneapolis, Minn 
Univ. of Md. , Md 
Stenford Univ, 

Cornell Univ, 

Martin Co. Boltimere, Md 

Genera! Oynomics, Sen Diego, Ce lif 
Poly. Inst. of Grockiyn, N.Y 

Poly. Inst. of Greokiyn, N.Y 
Stentord Univ. Hanford, Calif 
Univ. of Collf., Berkeley, Calif 
Cornell Aero. Leb., Buffalo, N.Y 
Cornell Aero, Leb. Buffole, N.Y 
Cornell Aero. Leb., Buffalc, N.Y 
Univ. of Minn... Minneapolis, Minn 
Mess. inst. of Tech, Combridge, Moss 


Vitro Leberotories, West Orange, N./ 
Midwest Rech. Inst. Kenses City, Mo 
Poly. inst. of Greekiyn, N.Y 

Univ. of Terente, Terente, Canede 
Martin Co., Beltimere, Md 


Stenterd Univ., Stenterd, Coll 


North western Univ. Evanston, lil 


New York Univ. New York, NY 
inst., Hebot NL 

Columbia Univ... New York, N.Y 

New York Univ.. New York, NY 

St. John's Univ. Jemaice, N.Y 

Univ. of Minn. Minneapolis, Minn 

Columbie, Univ., New York, N.Y 

Columbia, Univ., New York, N.Y 

Yeshive Univ.. New York, NY 

Princeton Univ., Princeton, NJ 

Univ. of MN. Hamp., Durham, N. Hemp 





Beverly Hills, Collf 
Princeton, NJ 


Litten Industries, 
Princeton Univ 


Univ. of Colorede, Bowider, Colo 
Univ. of Merylend, College Park, Md 
Brown University, Providence, &.! 
Univ. of Collf., Berkeley, Calif 


1 total $3,639,271. 


Cate Work 


Started Short Tithe 


Behevioral Sciences 


1959 Personality Factors in Motivation 
1959 Technological Changes Impact on Car- 


ven 
Hypnosis os a Contre 
Sitvetione! Variables 


Aus 
Now 


Aveg., 1959 


Apr 19s8 


Beclogicel Sciences 
Mey, 1959 Brein Tolerance to Space Environment 
Ave. 1960 Photosynthesis 


Chemicel Sctences 
Avge Microwave Spectroscopy 
Feb., 1960 Chemica! Effects of Radiation 
june Properties of Sily! Radicals 
july, 1960 Boron and Silicon Compounds 
Feb Pyrolysis of Esters 
Jely, 1960 Moleculer Spectroscopy 
june, 1960 Surfece-Catalyzed Excitation of Atoms 
Oct 1958 Diffusion of tron 


june, 1960 Cotalysis ie Liquids 

Mer. 1959 Electrolytes in Acetic Acid 

Dec, 1957 Inter in O 

Jan 1958 Orgeneberen Chemistry 

Mey, 1956 Microcatal ytic Ly +n al 

Jan 1958 Platinum Metal 

jely, 1958 Surface Chemistry of ae Mc e- 
cules 


Diels-Alder Reaction 

Troms Processes (grant) 

Free Radicals & Reactive Molecule: 

Non-equeous Polerography & Amper- 
ometry 

Photonometric Titrations 

Adsorotion of High Polymers 

Electrochemistry of Fused Salt: 

Photochemical Reactions 





1960 
1960 
june, 1958 
Oct 1958 


suty 
july 


jeune, 1958 
Jan 1958 
Jan 1958 
Oex 1957 


Mathematical Sciences 

1960 Lineer Mixed Models 

june, 1957 Advanced Mathematics 

Mer, 1960 Conformal & Variatior oi Methods 


June 


Mechanics 


1957 Leminer Boundry layer Stebility 

Aug 1960 High-Temperets re Phenomene 

Dec 1958 Mass Transfer Cooling 

Mer. 1959 Boundry Loye: Instability 

Aor 1957 Thermal Effects in Aircraft Structures 

Nov 1958 High-Speed Aerodynamics 

Aug. 1960 Vecuum Eevironment & Materials 

Jan 1958 Hydregen-oxygen Interactions 

Apr 1957 Hypersonic & Low-Dersity Fiow 

Mey. 1958 Vibrations of Cylindrica! Shells 

Mer, 1957 Wwreversible Processes 

Avg. 1958 Low-Density Wiad Tunnel 

Oct 1959 High-Temperature Gas Flows 

Oct 1959 Nonequilibrium Flows 

Oct 1959 Molecular Interactions 

Feb 1957 Heot Transfer 4 Hypersonic Speeds 

19€0 Unsteady Gasdynemics in Plight Ve- 
hictes 

High-Intensity Arc Plasma 

Feb 1958 External Force on Pone! Flutter 

Ac 1958 Problems of Hypersonic Flow 

Dec 1959 Magnetogesdynamics 


1960 Nenll Mechenics $ ‘ 


June 


June 


july 1988 








june 


Neclteer Physics 
Feb 1958 High-Energy Electrons Scoffering etc 


Physics 


1960 Steller Motion & Atmospheric Scintiila- 
tien 

Control Systems 

Photon Spectroscopy 

Radio Astronomy 

Low-Frequency Absorpticn $ pectra 

Electron Collisions (grant) 

Gaseous Electronics 

Infrared MASER 

Radioactive Atoms 

Transport Properties 

Stetier Evolution 

Gaseous Plasmas cnd Solids 


duly 


san 1959 
Jan 19568 
Mer 1959 
Aug. 1957 
july, 1960 
Feo 1ose 
Sept. 1958 
july 1960 
Sept 1954 
Dex 1957 
Moy 1959 


Propulsion 
1959 Electromagnetic Plasma Accelerator 
1958 Ignition of Solid Propeliants 


Sept 
Mer 


Solid State Sciences 
Feb. 1959 P gnetic Impuritt 
Mer, 1958 Solid-State Theory 
July, 1958 Recrystali zation 
Avg. 1956 Stresses in Ceramic Bodies 





in Crystals 


Contracts and grants are as fol- 


Estimate 
of Cost 


$28 ,609 
50,085 


5,49 


Soom 
2285 


seSerdcs: 


. 
88 
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aes 
83383 82838 
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people 


“Essentially, this corporation will be 
people— people of the highest quality. 
The United States Air Force recog- 
nizes that men of great scientific and 
technical competence can perform at 
their best only when they can exercise 
their initiative to the full under lead- 
ership which creates the climate for 
creativity. We expect Aerospace Cor- 
poration to provide that kind of 
environment.” 

SECRETARY OF THE AIR Force 


Among those providing their leader- 
ship to this new non-profit public 
service corporation are: Dr. Ivan A 
Getting, president; Allen F. Donovan, 
senior vice president, technical; Jack 
H. Irving, vice president and general 
manager, systems research and plan- 
ning; Edward J. Barlow, vice president 
and general manager, engineering divi- 
sion; and Dr. Chalmers W. Sherwin, 


A new and vital force 


of 


EROSPACE 
CORPORATION 


are creating a climate conducive 


to significant scientific achievement 


vice president and general manager, 
laboratories division. 


These scientist/administrators are 
now selecting the scientists and engi- 
neers who will achieve the mission of 
Aerospace Corporation: concentrating 
the full resources of modern science 
and technology on rapidly achieving 
those advances in missile/ space systems 
indispensable to the national security 


The functions of Aerospace Cor- 
poration include responsibility for 
advanced systems analysis; research 
and experimentation; initial systems 
engineering; and general technical 
supervision of new systems through 
their critical phases, on behalf of the 
United States Air Force. 


Aerospace Corporation is already 
engaged in a wide variety of specific 
systems projects and research pro- 
grams—offering scientists and engi- 


neers the opportunity to exercise their 
full capabilities, on assignments of 
unusual scope, within a stimulating 
environment. 


Immediate opportunities exist for: 
* WEAPONS SYSTEM Provect 
Director 

* Senior SCIENTISTS/ SUPERVISORS: 
Propulsion Systems 
Guidance Systems 
Spacecraft Design 
Telecommunications 

¢ SPACE VEHICLE SPECIALISTS: 
Senior Power Systems Engineer 
Sr. Flight Performance Analyst 
Re-entry Aerodynamicist 


Those capable of contributing in these 
and other areas are invited to direct 
their resumes to: 


Mr. James M. Benning, Room 101 
P.O. Box 95081, Los Angeles 45, Calif. 


AEROSPACE CORPORATION 


engaged in accelerating the advancement of space science and technology 





place in drydock facilities. Drawing at top right 
shows booster and space vehicle being towed to the sea launch area. The booster 1 space vehicle are erected to launch position (below, 
left) by allowing sea water to flow into a section of the launching pontoon; arrow shows motion of erection. At center, the tender is 
floated into position. Drawing at right shows use of parachutes and retrorockets 


CONSTRUCTION of the three stages for a sea-launched space vehicle (top, left) takes 


for recovery. 


Sea Launch Studied for Space Vehicles 


By Larry Booda 


Washington—Interest im moving 
launch operations to sea is growing in 
military and civilian space organizations 
as the size of planned space vehicle 
boosters increases 

Air Force, Navy and National Acro 
nautics and Space Administration ar 
considering the feasibility of establish 
ing sea launch facilities for large boost 
ers, and the concept conceivably could 
be extended to missiles. Economy and 
safety are the major gains involved in 
hifting to this new space launch tech 
nique 

Several companies have conducted 
sca launch studies, both on their own 
ind with government funds. Some 
have worked alone, and others have 
teamed with shipbuilding firms to tap 
their experience. Proposals cover a 
varicty of launch bases, including ships; 
ocean-going, partly-submerged floating 
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platforms; towers anchored 
floor floating booster-veh 
combinations which can 
after being towed to sea 
for launching from the sea 
rhese proposed svstem 


vide sea launch bases for 
© Vertical probes. They 
from a variety of location 
world without the danger 
thev fell back to earth 

© Low orbit tactical reconn 
ittack satellites They 
launched into any 100-20 
without the dog-leg capab 
with flights from fixed lan 
© Large tactical missiles, 
Atlas, Titan and Minut 
launch would offer them 
concealment 

® Large space boosters. Th 
eration of chemically-power 
such as Saturn and No 
launched without the con 


pense of building new land installations 
e Nuclear rockets. Rover and other nu- 
clear-powered rockets could be launched 
without radiation hazards to populated 
land areas 
Air Force expects to move develop- 
ment of sea launch systems beyond the 
study phase soon. With a requirement 
ilready established for an 800,000-Ib 
thrust booster under Project Phoenix 
AW Dec. 5, p. 26), Air Force Ballis 
tic Missile Division is interested in the 
mobility the sea launch concept offers 
with such a large space booster. USAI 
ilso is considering sea launch for the 
Csar communications satellite, which 
will be in a 24-hr. equatorial orbit 
Rand Corp. has had sea launch 
studies done for USAF by Wald Re 
search, Inc., and the DeLong Corp 
Thompson Ramo Wooldridge has pro 
posed an offshore towable platform. 
With its large vehicle programs not 
vet firm, NASA is interested in the sea 
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RUSHING TO A RADARS RESCUE 


Lockheed Electronics engineers — anywhere 
—service every make 
of electronic equipment 


A ship’s “eyesight” needs immediate attention—a 
Lockheed Electronics service engineer swings aboard 
on a breeches buoy to make on-the-spot adjust- 
ments that keep critical electronic systems at peak 
performance. 

Another LEC service engineer may be installing 
telemetry equipment at a missile base; while still 
another, ten miles up in the stratosphere, evaluates 
a jet bomber’s ECM system. 

These LEC experts are qualified to install, test, 
modify right in the field, evaluate and maintain any 
equipment—made by any manufacturer. 


Lockheed Electronics’ highly trained specialists rep- 
resent a mew concept in service engineering. An 


unusually large proportion hold advanced degrees, 
and LEC’s Engineering Services Division keeps 
them all constantly abreast of the latest advances in 
the state of the electronics art. 

If you want men with the right skills and full knowl- 
edge of your electronic problem, call on Lockheed 
Electronics, Engineering Services Division. 


CAPABILITIES ~ ENGINEERING SERVICES DIVISION 
Maintenance engineering 
Range instrumentation and operation 
Equipment modification e Installation engineering 
Training programs, manuals and materiais 
Field evaluation e Reliability studies 
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MINDING THE FUTURE 


LOCKHEED ELECTRONICS 


COMPANY 


ENGINEERING SERVICES DIVISION, METUCHEN, N. J. 


OTHER LEC DIVISIONS: miLiTARY SYSTEMS / STAVID @ INFORMATION TECHNOLOGY @ AVIONICS AND INDUSTRIAL PRODUCTS 


ENGINEERS AND SCIENTISTS: For unique position advancement opportunities, 
please contact our Professional Placement Office in Plainfield, N. J. 








Only 
Complete Line 
of Fire and Overheat 
Detection Devices... 


Only Fenwal’s complete line of detection systems covers 
all forms of fire and overheat danger in aircraft, mis- 
siles, and space craft. Only Fenwal covers all ‘‘ hidden 


hazards”! 


Fenwal Detection Devices include: Unit Detectors for 
“spot” protection; Continuous Fire Detectors for posi- 
tive coverage of larger areas; and the latest Fenwal ad- 
FIDO (Fire Inspection Device Optical), and 
the Surveillance Detector (Photoelectric device, sensi- 
tive to flame or to heat radiation). Advanced ways to 


vances 


t 


‘see”’ fire! 

And Fenwal contributions to safety in flight go beyond 
the detection phase. Fenwal also designs Explosion 
Suppression Systems for protecting both military and 
commercial aircraft. A Fenwal engineer will be glad 
to assist with your particular detection or explosion 
protection problems. Write FENWAL INCORPORATED, 
1215 Pleasant Street, Ashland, Massachusetts. 





launch concept but has not generated 
any specific requirements. The agency's 
Nova vehicle will be powered by a 
cluster of large chemical boosters or a 
nuclear propulsion system, and NASA 
does not expect to produce a launch 
base requirement until it decides what 
kind of engines will power Nova 

Presentations of studies have been 
made to NASA by Cal-Val Engineering, 
teamed with Harbor Boat Building Co., 
Danicl, Mann, Johnson and Menden 
hall (AW Sept. 12, p. 122), Kaiser 
Steel, American Machine and Foundry, 
and Aecrojet-General teamed with Todd 
Shipyards 

Numerous advantages for launching 
it sea have been offered. Principal one 

cconomy, since land installations arc 
becoming more complex and expensive 
Another is safetv in case of failures by 
large chemical rockets and, later, nu 
cleat pow' red rockets 

For equatorial orbits, sea launch 
would permit the use of simpler guid 
ance systems. If a vehicle is launc! 
from Cape Canaveral, Fla. or Vanden 
berg AFB, Calif., a dog-leg would have 
to be added to the launching flight 
path to change the flight plane from 
one passing through the launch site 
to the plane of the equator 


: 
cd 


Cost Estimates 


Various estimates of the additional 
cost of dog-leg launches have been 
made, but the minimum estimate is 
45-50 Other estimates run three to 
five times the cost of the simpler guid 
ince. Equatorial launch also could be 
made from a sea base without the ex 
pense of establishing a new land base on 
the equator 

In firing high-thrust powerplants, onc 
high cost factor is the construction and 
operation of blast deflectors. In static 
testing, millions of gallons of water 
must be used for cooling Water cooled 
deflectors and towers would be elimi 
nated in sea testing and launching 

With military svstems, the Navy ad 
vances the argument that mobility and 
secrecy are oftercd at sea for launching 
missiles and military satellites. Land 
ites, casily pinpointed by an enemy, 
would have to be considerably hardened 
for similar protection 

The coming of larger boosters bring 
4 requirement for novel ways of con 
structing and handling them. Mobilit 
will be reduced as the boosters become 
too large to be built at the manufac 
turer's plant ind hauled to test and 
launch sites 

One answer to this problem is to as 
semble the booster at its launch site 
Another is to build it near water so its 
size is not limited by road and rail 
facilities and it can be loaded directly 
on ships to be hauled to a sea launch 
site. Ships could accommodate — the 
whole vehicle, or at least larger compo 
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Marconi’s offer a complete 

consultancy and engineering 

service in the installation of 

radar systems. All Marconi 

radars and data handling equip- 

ment have been designed for 

. integration into the most ad- 

ne a a SL vanced air traffic control and 

ee 1 defense systems at present in 

| Civil and Military 4°14 operation or contemplated in 
| Digital and the foreseeable future. 

Analogue Systems | tell | Marconi radar is in constant 

; ney use in 36 countries. 





MARCONI’S 


a ae 
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AIR TRAFFIC CONTROL SYSTEMS =f 5 
The Marconi $264A 50 cm. radar - 
the most advanced air traffic contr 

radar in the world. It will operat 

anywhere, including mountain 

country, in all weather conditior 


‘ 


It is designed for the control of 

aircraft from take-off to 150 mi PPeoeprrreertrtrserte., 
. Perr 2@ 4424 

plus, combining the three roles 

Airfield Control, Terminal A 

Control and Long Range Airwa 

Surveillance. Several versions «4 

now available to suit varied cir 





stances and continuous researc! 
being devoted to ensure continu 
progress and development of Mar 
coni 50 cm. radars 


cover the whole field. 


a ee 

LONG RANGE SURVEILLANCE RADAR 
This versatile radar can be adapted 
to a diversity of applications. The 
Moving Target Indicator eliminates 
the echoes from stationary objects. 
Distortion of the reflector profile is 
prevented by the main member 
being a 6° 8” diameter tube, thus 
giving increased accuracy over a 
longer life. A unique mechanical 
design feature ensures that the turn- 
ing gear is unaffected by slight sub- 
sidence of the site. Like the $244 
the equipment is ‘all weather’ and 
‘all climate’ and will withstand wind 
speeds up to 120 knots without 
‘radoming’. 


of ground radar 


LONG RANGE HEIGHT FINDER 
The Marconi $244 is the most ad 1 accurate height finder in 
the world. In conjunction with the M ntrol system it can handle 
15 random targets per minute. H s are related to a shock 
mounted artificial horizon which instabilities inherent in 
all large supporting structures and test known accuracy. The 
equipment operates satisfactorily | nd climates from Arctic 
snows to tropical monsoon precipit iy be ‘radomed’ for protec- 


tion but will withstand wind speed knots without ‘radoming’. 


MARCONI 


COMPLETE CIVIL AND MILITARY RADAR SYSTEMS 
SURVEYED - PLANNEC MAINTAINED 
Mr. J. S. V. Walton, Marconi’s Wir: Telegraph Company Limited 
Suite 1941, 750 Third Avenue, New York 17, N.Y., U.S.A. 


MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED + CHELMSFORD «+ ESSEX + ENGLAND 
Bic 
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RAULIC NO Nucis 
aa» AND NUCLEAD CONTRO} ¢ 


THE MISSILE RANGE: Measure of Capability 


The missile range today is a vast proving ground for advanced 
technologies. It symbolizes the “state of the art” in computa- 
tion. physics, chemistry, metallurgy, propulsion, hydraulics, 
electronics, inertial guidance, communications and every other 
scientific field 

Ihe most critical need of the missile range is to Know system 
performance exactly. This calls for integrated standards of 
measurement and data handling, and therefore for entire sys- 
tems and entire installations engineered to that objective 

To this problem Sperry Rand has a logical answer: com- 
patible instrumentation. The scope of Sperry Rand capability, 


illustrated above, embraces the whole panorama of the space 
age. Compatible Instrumentation is the principle of precision 
in missile range measurement, and a plan of action for apply 
ing this principle to projects now developing 

For the necessary team approach to missile range tech 
nology Sperry capabilities are joined with those of all other 
corporate divisions which have contributions to make—among 
them Ford Instrument Company, Remington Rand Univac 


Vickers Incorporated and several component divisions speci.! 


izing in microwaves, electronic tubes and solid state devices 
General Offices: Great Neck, N. Y 
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ESTIMATED CHRONOLOGY OF U. S. SPACE PROGRAMS 
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1 Probes, Lunar! j 
Favigetion | » Meteorological, Missile Early 
sOrbit , Lunar Impact, Lunar 
bes , Commercial Commnications 
er Soft Landing , Geophysical 
Electronic Countermessurer 
Manned Earth Satellite 


gllite, ; Space 
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Lunar Base, Manned Flights to Near Planets 








Manned 


Manned Flichis to Distant Planets 


NASA TEN-YEAR PLAN 





AEROJET-GENERAL CORP. has projected future U.S. space programs 30 years beyon 


nents than could travel by rail or high- 
way 

'ypical of the proposals made to 
ARDC is that of Thompson Ramo 
Wooldridge. It calls for construction of 
m offshore platform which would be 
inchored to the sea bottom after it was 
towed to the launch area. 

There would be pilings supporting an 
underwater substructure contaming the 
control center for a launching. Above 
this would be a launching platform 
which could be replaced in the event of 
an accident, leaving the control com- 
plex unharmed. TRW oe came speci 
fies about 150 of these platforms, to be 
built after development of the launch 
vehicles. Cost would be about $6 mil- 
lion cach 


Different Approaches 


Acrojet-General proposals include 
several different approaches to launch- 
ing at sea. One includes an idea similar 
to the TRW tower. Another would 
make the entire rig capable of floating 
in deeper water and being towed any- 
where the water is 400 ft. or more deep 

In preliminary company-funded ro 
Acrojet and Todd Shipyards have built 
a ship similar to a floating drydock 
which would carry a vehicle to sea in a 
horizontal position. On station, the 
launch vehicle would be erected, the 
ship would be partially submerged, 
then the vehicle would be launched 
The size of this experimental ship 
would permit current boosters and 
those planned for the immediate future 
to be launched 

The principal concept studied by 
Acrojct, however, is known as PROP, 
for Planetary Rocket Ocean Platform, 
which is said to meet all the require- 
ments for assembling, testing and 
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| 
vehi 


launching very large 
especially suited for launching 
the 

isolation inhe 
ireas and the 
unlimited quantities of sea 
nuclear shielding. 

As proposed, PROP would 
modate a 40 ft. in 
and 300 ft Ihe 


clear rockets, 


cause f 


company 
the 


remote sca ivaila 


vehicle 


long superst 


would be above the reach of hig! 


Ir would be 
chambers 
such seas 

Logistic 


supported by 
below the wave f 


supply would be 


A shipboard crane would hoist the 
| 1 


cle, housed in a protective coco 
deck. After removal from the 

it would be let down into the 

tube where prelaunch final a 
and checkout would be 
out of the reach of the 
preparation, vehicle would be h 
firing position on the platform 


sCOOTI 


weathe 


THRUST 
CAPABILITY 
.B 

















o* VIKING 


lars end/or Venus Bases 


Menned Bases at Distant Planets 





the NASA 10-year plan. 


After a normal nuclear launch, or in 
the event of a nuclear accident which 

uld destroy the platform, personne! 
n the control areas in the buovant 
miter ring 125 ft. below the surface 
vould be evacuated by a submarine 
through an airlock. After a normal 
launch, a number of decontamination 
procedures would be carried out. Re 
ynstruction after an accident would in- 
olve only the work on the platform and 
rane, and there would not be the radia- 
tion contamination that would normal) 
have to be considered at a land instal- 
ation. 


Concept Is Variable 


Aerojet points out that its concept is 
not static. It can be varied for size of 
vehicles, functional capacity and mode 
of operation. 

\nother Aerojet concept, which could 
be used in conjunction with PROP or 
fitted into another svstem, would have 
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NOVA MANNED ROUND-TRIP 
L— NEAR SATURN, 
JUPITER 











1940 1950 


GRAPH shows future booster capability 
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with new 


1970 1980 1990 2000 
propulsion systems (AW Dec. 5, p. 38). 
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CHANCE VOUGHT CORPORATION 


The name used to be Chance Vought Aircraft, and it fit the 
company perfectly. No other name is more closely associated 
with aviation’s growing years and great hours. Vought 
aircraft...a parade of over 40 different models... have 
served the U.S. continuously since 1919. Now, with the 
Crusader fighter helping to maintain the Free World's border 
watch, and with a newly developed all-weather version 
enroute to join the 700 Crusaders already delivered, aviation 
remains a vital interest at Vought. But today, Chance Vought 
has expanded beyond its traditional field into other market 
areas both military and industrial * The Aeronautics Division, 
which supplies the new all-weather Crusader to the Navy and 
is at work on other aircraft and missile projects, is also 
headquarters for a company-wide anti-submarine effort « 
The Astronautics Division — deep into studies for manned 
space flight — is prime vehicle contractor for the NASA Scout 


CHANCE ae 
VOUGHT 


Astronautics + Electronics « Range Systems + Resear 


and a key contractor on the Air Force Blue Scout Junior, 
both research rockets * An aggressive Electronics Division 
supplies components and systems to major U.S. defense and 
research programs « Vought Range Systems is a world-wide 
service organization with space-tracking, range instrumen- 
tation and many other responsibilities * Vought Research 
Center feeds basic knowledge to all divisions « A subsidiary 
— Vought Industries, Inc. — is the nation's leading producer 
of mobile homes « Another subsidiary — Information Systems, 
Inc. — produces industrial automation and process control 
equipment + National Data Processing Corporation, in which 
Chance Vought owns a majority interest, specializes in 
business data processing equipment particularly in the 
banking field » Now, under Chance Vought Corporation, these 
diverse activities are associated in name as well as in skills 
and resources to serve both old and new customers better. 


NEW 
PRODUCTS 


ADDED 


E 
CUSTOMERS 


Mobee Homes + Industrial Automation - Business Data Processing 





Solar gas turbine APU 
starts and supports 
Army’s new YHC-1B 
jet helicopter 


Solar's new Titan T-62T gas turbine APU 
enables the Army's YHC-1B Chinook to start 
anywhere without ground support equip- 
ment. It provides the power necessary to start 
the engines and to operate all hydraulic and 
electrical systems. The self-sufficient turbine 
develops up to 80 hp, is only 12% in. in diam- 
eter by 25 in. long, and weighs 61 lb. Solar 
APU's may be equipped with an alternator, 
generator, hydraulic pump, pneumatic com- 
pressor or combinations of these units. For 
additional information write to Dept. H-158, 
Solar Aircraft Company, San Diego 12, Calif. 





SOLAR 


AIRCRAFT COMPANY 


A subsidiary of International Harvester Company 














the vehicle towed to sea from a seaside 
construction site. 

his alternate system calls for a flood- 
able sponson to be attached to the firing 
end of the vehicle. At the firing site, 
the sponson would be flooded at its 
farthest end, automatically erecting the 
launch vehicle to the vertical position 
for hiring 

An extension of this system involves 
firing from the sea bottom in relatively, 
shallow areas 

Martin Co. has studied independ 
ently a tanker concept for supplying re 
mote or sea-based launching sites with 
propellants (AW Sept 5. p. 68) 

NASA, Air Force and the Navy all 
are careful to point out that the sea 
launch is still in the exploratory stage 
Thev feel however, that with increasing 
size, weight and propulsion complexity, 
launchings mav have to make use of the 
ocean areas. Specific system designs 


> 


’ 


OMS OMHa—z 


will have to wait for vehick 
ment, when their configurat 
operating capabilities will be } 

On missile bases, Air Force 
that multiple launch sites har 
100 to 300 psi. would make an 
to knock them out uneconom 
rent yardsticks for 10-megat 
show that 5 psi. structures 
destroyed at 15,000 yards fri 
zero. Costs for hardening to | 
psi. have not been published 
Force officials have even disci 
ening to 10,000 psi. These 
ing costs could be avoided by 
sea launch approach 

In launch aborts, the great 


in reconstruction of the inst 


This not only involves high 
the loss of valuable use tim« 
cialized complex. These fact 
be greatly diminished in sea 

crafions 


Tiros I! Satellite Atop Thor-Delta 


Tiros Il weather observation satellite, launched into orbit recently from Cape ( 


Fla. (AW Dec. 5, p. 28), is shown atop a Douglas Thor-Delta rocket 
vehicle before installation of the nose fairing. 
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Critical electrical parts in high - heat environments are typical 
applications for Teflon” — a vital material which R/M spe- 
cralests can best fabricate into the forms you need and deliver 
according to your schedule. New bondabie R/M “Teflon” 
further increases applications in the aeronautics field. 


If it calls for 
TEFLON, just 
call for R/M 


No need to restate the unique combina- 
tion of electrical, chemical and physical 
properties of “Teflon.” You know that 
for many aircraft and missile parts 
calling for high dielectric strength and 
heat-resistance, there simply is no 
substitute. 

Your main concerns with “Tefion,” 
then, are where to get it fast and who 
can best meet your specs. 

On both counts, the answer is R; M. 
A pioneer im the processing of “Teflon” 
into sheets, rods, tubes, tape, hose and 
other machined parts, R/M offers you 
a complete “Teflon” service — a service 
that can help assure you optimum 
performance and reliability of critical 
components. 

It will pay you to talk “Teflon” with 
R/M. Call your nearest R/M district 
office (listed below) or write Plastic 
Products Division, Raybestos-Man- 
hattan, Inc., Manheim, Pa. 

*Registered trademark for Du Pont fluorocarbon resin 


M 


PLASTIC PRODUCTS DIVISION 


RAYBESTOS-MANHATTAN, INC. 


Manheim, Pa. 
BIRMINGHAM | © CHICAGO 31 «© CLEVELAND 16 « DALLAS 26 
ENVER 16 © DETROIT 2 « HOUSTON | © LOS ANGELES 58 
MINNEAPOLIS 16 © WEW ORLEANS 17 © PASSAIC 
PHILADELPHIA 3 © PITTSBURGH 22 « SAN FRANCISCO 5 
SEATTLE 4 © PETERBOROUGH, ONTARIO, CANADA 


SPECIALISTS IN ASBESTOS, RUBBER, 
ENGINEERED PLASTICS, SINTERED METAL 























Seamless Steel Tubing comes in almost every shape and size. 
that is, if it's USS National Seamiess Mechanical Tubing. 


USS and National are registered trademarks 


Watch United States Steel's 


National Tube special Christmas show The 


Coming of Christ, in Color 


Division of on NBC-TV, Wednesday. De 
United States Steel cember 21, 8:30 P.M., E.S.T 


San Francisco, Pacific Coast Distributors; United States Stee! Supply Division: United States Stee! Export Company, New York 


Columbia-Geneva Stee! Division 








st complete 
t vehicle carries a USAF payload on an 80-min. 
to 3,500-mi. altitude and range of 5,800 mi. 


Payload, fourth stage and interstage connectors of the first successful four-stag: 
Scout are assembled at NASA's Wallops Island, Va., station. 


NASA Launches Four-Stage Scout 
On Developmental Test Flight 


Instrumentation is installed on the payload section of the first successful Scout 
vehicle. Payload contained USAF tadiation-measurement equipment and instru 


ments to monitor flight performance of the tully-guided Scout 


nbled 72-ft. Scout vehicle is ready for launch at 
ps Station. Vehicle weighs 36,000 Ib. and is 
ill-solid-propellant vehicle launched by U.S. 








NASA Programs Saturn Booster Recovery 


New York—No attempt will be made 
to recover boosters in the initial Saturn 
test flights, but booster recovery is 
definitely scheduled later in the Saturn 
program, according to Dr. W ernher von 
Braun, director of the National Aero 
nautics and Space Administration's 
Marshall Space Flight Center 

NASA was planning to start a new 
series of 6-8 static tests of the 85-ft 
Saturn at Marshall last week in a devel 
opment program leading to the first 
test flight next summer 

Von Braun said that 


recovery. will 


not be tried in the first tests in order 
to keep the tests as simple as possible 
He said, however, that spent booster 
recovery will be the next major method 
to reduce space transportation payload 
costs per pound. Saturn will put one 
pound of pavload into orbit for $500, 
compared with $1 million per pound 
for the first Vanguard, he said 


Recovery Technique 


Recovery technique will involve use 
of a control svstem to orient the casing 


in a tail-down attitude as it re-enters 


PALAEMON, a 150-ft. long, 38-ft. wide barge that will transport NASA’s Saturn heavy 
space booster to its launch site at Cape Canaveral next year for its first flight test, arrived 


last week at the Marshall Space Flight Center, Huntsville, Ala., 


after a 16-day trip from 


Houston, Tex. Built by the Todd Shipyards Corp. of Houston, the barge contains its own 
electrical power source, instrument room, kitchen, sleeping for 10 persons. 
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3+—— SHROUD 





SATURN TAIL 


FLAME SHIELD 








LOCATION of shielding to protect against radiated and conducted heat generated in 
Saturn captive tests is shown in this drawing of the tail section of the booster. 
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the atmosphere. After re-entry, a coni 
cal drag-stabilization balloon will de 
ploy 

Landing system 
cargo parachutes 

At 100-ft. altitude, solid propellant 
retrorockets will ignite to oft ws. land 
ing velocity close to zero. 

Spent booster will follow a ballistic 
trajectory into an estimated 5-mi. dis 
persal area, where a — nding ship dock 
(LSD) will be stationed for retrieval 

New test series beginning at Hunts 
ville, Ala., will use booster chambers 
ipproximating those of the flight vehi 
cle 

I'wo tests of the clustered cight 
engines are planned for duration of less 
than 30 sec., and the rest will run 100 
sec. OF more 

Each engine will develop 165,000-Ib 
thrust initially, and the system will be 
developed so that ultimately cach will 
develop 158,000-Ib. thrust 


consists of threc 


First Tests Successful 


First series of eight captive tests was 
completed in June, and von Braun said 
they were “100 in estab 


lishing the feasi 


successful 
bilitv of clustering large 
liquid rocket engines 


will use } 


Current series cngine cham 


shielding added t 
Heat shield has been 
throat level, and 
has been installed be 
four mboard 
} hire wall has been installed 
below the fuel and liquid oxygen tank 
ind a lower shroud has been added to 
encase the engine down to the level of 
the flame 

program is being run to deter 
ral engine performance using 

hannels to record informa 

pressure, tempera 


ture, acoustical measurements and fuel 


vibration, 


onsumption rates 


Sound Distribution 


Measurements will be made on the 
test tower and in the ad 
to determine sound di 
addition of th 


booster, the 
joining area 
tributions caused by 
lower shroud 

In other Saturn developments, Mar 
shall is evaluating Bot ee for a studs 
contract for automated test equipment 
for the booster stage, and Douglas Air 
raft Co. has been awarded an $85,000 
ontract to study operational aspects of 
the second generation Saturn C-2 con 
hguration 

Douglas study, due in eight months, 
will examine production, recovery and 
reconditioning, checkout, static test, 
transportation, launch site operations 
and facilities and flight evaluation 
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SAC’S MOST UNUSUAL MISSILE 


To enemy radar, these are all B-52’s. Altitude, performance, radar return and 


flight patterns confirm this. 


But two of these bombers are decoys . . . diversionary missiles to lure the firepower 


of the enemy away from target-bound B-52’s. 


Each SAC B-52 can carry McDonnell GAM-72 Quails in addition to its prime 
target bombload. By simulating the characteristics of the parent aircraft and 
saturating enemy defense systems, the GAM-72 greatly increases the deterrent 
potential of a bomber striking force yet costs less than 2% of the cost of a B-52. 


McDonnell is now delivering GAM-72 missiles, launch gear, support equipment 


and bomber controls to Strategic Air Command operational squadrons. 


For illustration suitable for framing 
write: Dept. 80, McDonnell Aircraft 
St. Louis, Mo. 


MCDONNELL 


Phantom II and F-101 Fighter and Attack Aircraft + Rotorcraft + Project Mercury Space Capsules * 
Quail Decoy Missiles + Tajos Airframes and Propulsion Systems + Electronica Systems + Automation 


MCDONNELL AIRCRAFT « ST.LOUIS 
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HIGH PERFORMANCE | 
_..LIBRASCOPE 
DIGITAL COMPUTERS 








the 
Librascope 


family of 





computers 
that pace 


Man's 








Expanding 
Mind 








6-MARM MW (yokd-stete) WEAPON OFECTOR 
COMPUTER CONGO 




















High performance for leading business, military and industrial systen 1—LGP-30, 4096-word drum memory 
displayed in this presentation of Librascope’s digital computer fam LIBRATROL-500, 4096-word drum memory 
They offer an extension of man’s expanding mind, allowing achievem: ASN-24, 2048-word drum memory 

which only a few years ago were far beyond his reach. Librascope ¢ 4—CP-209, 3000-word drum memory 

neers are developing still more outstanding computers which will em; RPC-9000, 10,000-unit record tape 
the most advanced techniques of logical design, packaging, mem my la ray oF ee ee ony vor 
systems and display. 6—MARK 38, 512-word drum memory 
Advanced research teams and continuing product improvement stu AIR TRAFFIC CONTROL, 4000-word 


Tyee re memory, plus 256,000-word modular 
assure highest reliability and performance of all systems and compon irum memory system 


The Company's 23-year history encompasses an unrivaled scope of vai LIBRATROL-1000, 8000-word 
analog and digital computers, a background which has produced 1 jrum memory 


industry “firsts” and further demonstrated that Librascope means lead RPC-4000, 8000-word drum memory 
ship in computers. MARK 188, 4096-word core memory 
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Trademark, Librascope Division, General Precision, inc 


and 8 are marketed through the 
n-wide sales offices of Royal McBee 





“K” Monel... 


strong at 1000°F, 
still ductile below —300°F, 
non-magnetic below —210°F 


Freely availabie... 
where can you use it? 


With its useful and unique combination 
of properties, “K” Mone!* nickel-copper- 
aluminum alloy may provide the answer 
to special problems in several areas of 
missile design. This versatile alloy is 
available in standard mill forms — rods, 
bars, sheets, tubing or wire 


For strength, hardness, toughness, “K” 
Monel alloy provides tensile strengths as 
high as 170,000 psi, can be hardened to 
over 300 Brinell. It offers high levels of 
torsional and impact strength with proper 
heat treatment. 


For high and low temperature service, 
“K” Monel alloy can be age-hardened to 
retain useful strength at temperatures 
above 1000°F, and to remain ductile at 
temperatures below —300°F. It has 
outstandingly low permeability at room 
temperature, and remains non-magnetic 


below —210°F. 


For corrosion resistance, “K” Monel alloy 
is the equal of Monel* nickel-copper 
alloy. It withstands a wide range of corro- 
sive environments — including sea water, 
fresh waters and many acids and alkalies 
—at normal and elevated temperatures. 


Readily worked, “K” Monel alloy can 
simplify fabrication as well as design. It is 
readily forged or machined. It can be heat 
treated after machining, with virtually 
no distortion. Want more information? 
Write for Technical Bulletin T-9, offering 
28 pages of up-to-date engineering data. 
Specialized assistance on materials prob- 
lems is yours for the asking, too. Outline 
your specific needs in a letter to our 
Technical Service. "Ineo trademark 


HUNTINGTON ALLOY PRODUCTS DIVISION 


The International Nickel Company, Inc. 
Huntington 17, West Virginia 


“RK” RAORIEL. 
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Ship Provides Precise Missile Tracking 


Cape Canaveral, Fla.—Absolute meas 
urements of missile trajectories down 
the Atlantic Missile Range will be pro 
vided by the newest USAF downrange 
vessel, Twin Falls Victory, using the 
missile’s launch stand as the reference 
point for the tracking operation 

lo perform precision tracking, Twin 
Falls is fitted with AN/FPS-16 (track- 
ing) and SPN-8 (surveillance) radars, 
N’C inertial platform, Mark-19 gyro 
compass, UHF transmitting and recetv- 
ing antennas and high-frequency 
LORAC (Long Range Accuracy) radio 
positioning equipment. The ship will 
begin operating by mid-1961 with 
fight tests of the Army's solid-fucled 
Pershing surface-to-surface missile 
Range of ‘the vessel will be about 500 
mi., but this can be extended without 
difficulty when more downrange geo 
graphical points or additional LORAC 
sites are more precisely located for the 
ship to position itself 

Previously, only land-based tracking 
‘tations have made absolute (three-di 
mensional measurements, within an 
error of 0.2 mils (20 ft. per 100,000 ft 
I'win falls is expected to begin opera 
tions within | mil and improve with 
time. Biggest advantage of the vessel is 

ibility to move into varying target 
ircas and meet requirements of differ 
ent programs. USAF also feels that 
quality of tracking data should improve 
yd that the range safety problem 
should be considerably alleviated by pro 
graming more shots toward open seas 

LORAC sites, on which the Twin 
Falls will position itself, have been lo- 
cated by first-order coast and geodetic 
surveys. Two networks, one comprising 
sites at Jupiter, Fla.. Grand Bahama 
Island and Carter Cay, a Bahama bank 
island, and the other including Carter 
Cay, Great Stirrup and Eleuthera, will 
lay down base lines developing hyper- 
bolic patterns. Phasemeters aboard the 
vessel will read the shifts between lanes 
of the patterns and, from previously 
computed relationships between lanes 
and longitude and latitude, the Twin 
Falls will be able to determine its posi 
tion within 30 ft 

Radar operation of the Twin Falls 
consists of two modes—acquisition and 
tracking. Land-based stations will first 
pick up the missile’s flight on their 
radars and transmit azimuth, clevation 
and range data to the ship through radio 
links. With this information precom- 
puted trajectory tapes and knowing both 
its position and the position of the 
launch stand (also determined by first- 
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TWIN FALLS VICTORY, newest USAF downrange vessel, will make absolute measurements 
of missile trajectories. ‘Twin Falls, built in 1945, is 455-ft. long with a 62-ft. beam. 


ENGINEER checks out precision tracking AN/FPS-16 radar aboard Twin Falls. Angular 
tracking data of the radar is corrected by stable inertial platform in room beneath pedestal. 


order coast and geodetic sui t formation is then stored on magnetic 
FPS-16 will search until it locates the tape. 

missile. Once located, the ra SPN-8 surveillance radar is used for 
lock on its tracking mode and ¢ impact location and is similar to carrier- 
fed into a computer based GCA radar. 

The N7C inertial platforn Corrected tracking data will be trans 
the pitch, roll and vaw of th mitted to overhead downrange aircraft 
the rigidly-mounted radar _platforn on UHF transmitters and flown back to 
This information is also fed th the Cape, eliminating the necessity of 
computer, where data proce the ship's return to port. 
rects radar angle data with an Total cost of conversion, including all 
from the stable platform. Cor equipment described above, was $10 
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With the Bendix 


G-20 Computer 
to 


TODAY'S MOST ADVANCED COMPUTING “PACKAGE” 


Today’s high-powered computing equipment is only as good as the program- 
ming systems that enable it to do useful work. In the development of the 
Bendix G-20, these all-important programming systems were planned and 
perfected in close coordination with the equipment designers, and received 
equal emphasis. The result: today’s most powerful computing “package*’ 
e The G-20’s simplified programming enables your present personnel to take 
advantage of the powerful problem-solving abilities of the computer, regard- 
less of their previous computer experience. Such a programming system is 
ALCOM-—an algebraic problem-solver based on the international mathematical 
language of ALGOL. Compatible with the ALGO programming system for 
the Bendix G-15, ALCOM permits your technical staff to transmit problems 
to the floating point circuitry of the G-20 in universal mathematical language. 
¢ ALCOM is complemented by a library of sorting, file maintenance and other 
routines for specific tasks. The refined indexing and decision-making capa- 
bilities of a powerful command vocabulary have been instrumental in making 
these simplified techniques possible. They are unmatched for ease of use and 
efficiency. ¢ Not overlooking the G-20 proper, we have recently increased 
computing speeds by 40% ...to the rate of 83,000 additions per second (aver- 
age, floating point, one-word precision). Magnetic tape speed is now 240,000 
digits per second...and printing speed can be up to 1500 lines per minute. 
These new characteristics, combined with the G-20's efficient “organization 
chart” system design and perfected programming ease, provide an unmatched 
return on your computing dollar. Prove this fact to your own satisfaction. 


Call the nearest Bendix Computer office, or write: 


Bendix Computer Division 


OEePT. AF-29, LOS ANGELES 45. CALIFORNIA 





million. Pan American World Airways, 
Guided Missiles Division, was responsi- 
ble for integration of all systems aboard 
the vessel, with Electric Boat Co. re- 
sponsible for installation of the imstru 
mentation system. Alabama Drvdock 
and Shipbuilding Co., Mobile, Ala., did 
the conversion work, 

Twin Falls will carry a crew of ap 
proxumately 60. Pan American will pro- 
vide a ship operations manager, five 
weather technicians and two supply 
technicians. RCA will provide about 
30 technicians to operate the radars and 
instrumentation 


PRODUCTION BRIEFING 


Food Machinery and Chemical 
Corp., San Jose, Calif., has received 
two contracts totaling $4,947,000 on 
the Mauler air defense missile system 
from Army Ordnance Corps and from 
Convair-Pomona, pnme contractor on 
the system. Anny award calls for de- 
sign and fabrication of lightweight 
tracked vehicle to carry the Mauler 
Convair contract is for design and de- 
velopment of pod assembly for the mis- 
sile system 


Lockheed Missiles and Space Divi- 
sion plans a $4 million expansion pro 
gram consisting of a 172,800 sq. ft. 
engineering and laboratory building. 
Work on the project is scheduled to 
begin early in January and the build- 
ing is to be ready for occupancy in 
June. 


Propulsion Development Laborato- 
ries, Inc., has received an order for 144 
boom-mounted pitot tues for the 
Northrop T-38 Talon supersonic jet 
trainer. The $200,000 order from Nor 
ait Division of Northrop Corp. brings 
to 253 the number of units ordered in 
the last 60 davs. Press Temp, a divi- 
sion of Propulsion Laboratories, Inc., 
will manufacture the pitot tubes 





Austrian Defense Ministry has con- 
tracted with Saab Aircraft Works, Lin 
koepping, Sweden, for 15 Saab 29F type 
ground support and fighter planes val 
ued at around $2 million. Delivery will 
begin next spring 


Grumman will equip the SA-16 Alba- 
tross amphibian with a magnetic anom- 
aly detection (MAD) tail stinger, sono 
buoys, air-to-surface radar and electronic 
countermeasures equipment for NATO 
anti-submarine wartare missions. Ntodi- 
fication is being performed by Grum- 
man through the U. S. Air Force under 
a $1,648,000 Military Assistance Pro- 
gram contract. 


Chance Vought Aircraft’s Electronics 
Division has received a comract for 
video correlators, covering nearly $100,- 
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000, from U.S. Marine Corp: 
ing 10 Ib. and occupying lk 

cu. ft., the devices will be fi 
ground-based radars. Units ha 
sold previously for airborne app 
in Navy aircraft; this is first 
based service application of 


Vought device 
5 


Air Force will install an A? 
49 tracking radar at the Thul 
Missile Early Warning System § 
a reduction for economy reas 
the three radars originally 
BMEWS facilitv has been 
more tracking radars can be ad 
out construction of new buildin 


Adding .0OOS” To 


Most overhaul shops scrap between 
80 and 90°, of all main crankcas« 
bearings in R-1830-75, R-200% 
R-2800 engines at overhaul be 


ings with a replacement cost 
$100.00 each. Airwork saves 9 
these bearings in engines overhau 
here through a unique plating pro 
ess that makes them equal to : 
Cost: $25.00 

This plating job takes more k: 
how and investment than most 
dependent overhaul shops aré 

ing to develop. To replate a 


Airwork 


Millville, New Jersey 


ATLANTA * 


BOSTON »° 


Collins Radio Co. will erect a $1.8 
million manufacturing building at its 
Richardson facility, near Dallas, Tex. 
New building will contain 117,000 sq. 
ft. of floor space and is scheduled for 
ompletion Aug. 15, 1961. Construc- 
tion is being handled by Alpha Corp., 
1 Collins subsidiary. 


Northrop’s Nortronics Division 
Q-ball attitude sensor, projected for 
service in the North American X-15 
out-of-atmosphere research plane (AW 
July 20, 1959, p. 52), is scheduled to 
be flown for first time this week in the 
No. 1 X-15 aircraft powered by interim 
twin rocket XLR-11 powerplants. 


Save You $75.00 


bearing, you must be able to use a 
technique that makes a plating tank 
out of the bearing; and apply the 
lead induim to dimensional ac- 
curacy of .0002”. Since the plating is 
done with the bearing in the hous- 
ing, all distortion that can be in- 
duced when a new bearing is rolled 
in place is eliminated. 


Wherever a_ precision operation 
can reduce your costs without sacri- 
ficing quality, that operation is part 
of Airwork overhaul procedures. 


CLEVELAND 
NEWARK * NEW YORK 
WASHINGTON 





SiS ls 's impartial recommendations 


ensure superior reliability 


ee coat 
CYLINDRICAL ROLLER BEARINGS 


High capacity types—with crowned rollers, tapered 
guide flanges and one-piece coge—for cerospace ap- 
plications where maximum capacity and performonce 
must be obtained with minimum weight. 


Because @0¢F's broad line of bearings includes 
all basic types—@0Sf" engineers can select bear- 
ings impartially. They recommend the best type 
of bearing for the application—and thus provide 
the reliability inherent in the design of the par- 
ticular bearing type—ball or roller. 

This engineering advantage—combined with 
46 years’ experience in bearing design and ap- 
plication—enables Sis to produce more reli- 


BALL BEARINGS 


SCS produces oll types including split inner ring 
designs with precision metollic coges for the thrust 
locations in high speed rototing machinery 


able bearings. Typical of the bearing refinements 

designed by &0 to solve the aerospace indus 

tries’ most critical problems, these bearings are 
being manufactured right now: 

+ ultra-precision, high-temperature angular con 
tact bearings—with lightweight, one-piece, ring 
supported cage—for aircraft and missile turbo- 
equipment. 

+ special alloy, open curvature, synthetic caged, 








of bearing types 


in aerospace bearings 


* 


SPHERICAL ROLLER BEARINGS 
High-copocity types utilized in the integral gear and 
beoring assembly of reduction gear for helicopters and 
turbo-shalt engines. 


precision ball bearings for cryogenic applica- 

tions. 

unique ball and roller bearings incorporating 

integral mounting components for all types of 

aerospace applications. 

Achievements like these—in engineering, re- 
search and manufacturing—are constantly being 
brought to bear in all-out effort to reach an ulti- 
mate goal: PREDICTABLE RELIABILITY IN AERO- 


REED INSTRUMENT BEARINGS 


Ultro-pre bolonced design, stoiniess steel boll 
bearings ir omplete range of types ond sizes for all 
critical instrument applications. 


SPACE BEARINGS. To find out exactly what these 
ady mean in terms of reliabil- 
the nearest #08 branch office. 


Philadelphia 32, Pa. 


achievements aire 
ity, call or write 
gos Industries, Inc 


ENGINEERING 


Advanced ball and roller bearing technology 








Now 2 to 3 
week delivery 
on popular 
BUORD items... 


and in production 
quantities! 


Mark 7 Mod 0 
Mark 7 Mod | 
Mark 12 Mod 0 
Mark 12 Mod | 
Mark 16 Mod |! 
Mark 16 Mod 3 


Size 15 Servo Motor 

Size 15 Servo Motor 

Size 15 Motor Generator 

Size 15 Motor Generator 

Size 18 Motor Generator 

Size 18 Motor Generator 
(For transistor circuits) 


The addition of our second factory 
means delivery in six to twelve weeks 
on many other G-M Servo Motors 
and Motor Generators as well; sizes 
8 to 18, including other BuOrd items. 


*Now Bureau of Naval Weapons 


Ask also for 

full information; 

G-M Recommended 
Specification No. 665 
and Catalog 


(-MI Servo Motors 


G-M LABORATORIES INC 
4328 M. Knox Avenve « Chicago 4! 








Polaris A2 at Cape Canaveral Site 


First Navy-Lockheed Polaris A2 test flight, which has been test fired at Cape Canaveral, 
Fla. (AW Nov. 14, p. 38), is shown on stand. Missile flew 1,600 mi. and its Acrojet- 
General second stage is 30 in. longer and several hundred pounds lighter than Al first 
stage (AW Nov. 7, p. 27). Below, Polaris Al canister is lowered into a launch tube on 
the USS George Washington submarine, now on patrol duty (AW Nov. 21, p. 29) 
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Supersonic Transport Checkout Studied 


New York—Use of automatic check- 
out equipment to monitor supersonic 
transport systems in flight and to auto- 
mate their maintenance on the ground 
will require design of the systems from 
the ground up with checkout compati 
bility in mind, according to members 
of the American Socicty of Mechanical 
Engineers who met here recently 

Computer-centered checkout systems 
to speed troubleshooting and mainte 
nance of the highly expensive and com 
plex Mach 3 airplanes will be an eco 
nomic necessity, participants in the 
ASME aviation session stressed 

The engineers acknowledged that 
iutomatic checkout could have im 
proved the utilization and maintenanc 
cconomics of current jet transports. But 
systems design went ahead without pro 
vision for such an approach and it is too 
late to retrofit 

With the supersonic transport, how 
ever, where a saving of an hour a day on 
the ground would be worth $3.5 million 
a vear to the airline operator, the de- 
signer must provide maintenance per 
formance to match flight performance, 
according to two Convair experts 


Universal Tester 


Use of a single universal type tester 
for checkout and troubleshooting was 
discussed in a joint presentation by Eric 
R. Woods, avionics design specialist of 
Convair, and Charles L. Blake, Con 
vair's transport systems development 
manager. ‘This tester might be the size 
f a suitcase 

Heart of the checkout svstem is a 
digital computer of the tvpe used for 
ontrol and data processing. Operating 
under its control are stimulus genera 
tors and measurement transducers not 
conveniently integrated with the air- 
raft 

Provision is made for self-test of the 
svstem and self-fault-isolation. This de- 
vice could complete a comprehensive 
ground checkout in a few minutes, in- 
cluding fault isolation where desired 

Use of an airborne unit also appears 
desirable, according to the Convair 
scientists, thus assuring test support at 


niques, the Convair engineer 
the need for a “design-for-r 
program in building the 
transport. Based on the statist 
bility principle, this progra 
involve the use of a reliabilit 
programed on a digital comput 
tional analysis of cach aircraft 
is made in a closed loop 
where reliability deficiencies a1 
into the design and the proce 
until reliability objectives are 
this technique, the equival 
sands of hours of system op 
analyzed before the svstem 3 
for use m the urplane 

These reliability and maint 
programs are closely related t 
optimum airplane = systems 
their logical structure and 
with data access and check 
dures. An important con 
packaging of the aircraft s1 
ponents should be grouped 
planned, logical subassembli 
ules 


Cost of the capability for automated 
checkout would be 2.5% higher than 
similar procedures under today’s meth- 
ods, Blake said, and bringing all check 
points to one location and automating 
them would add .3%, for a total increase 
of 2.8%. But, by saving 1% in manu 
facturing costs and one hour a day of 
ground time, more than 20% of the 
uircraft purchase price could be recov 
ered in a vear 


Present Systems 


Two North American Aviation, Inc.. 

engineers, in another discussion of SVS 
tem test techniques, called the present 
system of periodic ground checkout 
less than satisfactory” for supersonic 
transport operation. Period checkout 
times are set at predicted points beyond 
which confidence level in the equip 
ment’s reliability can no longer be al 
lowed to decline. 

But the Mach 3 transport with its 
high costs, greater demand for takeoft 
reliability and increasing pressure for 


United Orders Dalto Dual-Image Simulator 


Dual-screen visual flight simulator with Douglas DC-6 simulator has been pur- 
chased by United Air Lines from Dalto Corp., Norwood, N. J., for use at United’s Denver, 
itions used single screen or projection. System 

tem and a belt on which approach and runway 

nt paint, activated by ultraviolet lamps. Belt moves 
ve speed at which the simulator is “flown.” In the 
simulator training manager, and Dave Shroyer, 


ill times. The in-flight unit would be 
part of an integrated system keeping the 
rew constantly informed of aircraft svs 
tem status 

In an emergency, the computer could _Colo., training facility. Previous 
initiate corrective action and advise consists of a closed circuit televisio 
the pilot of the situation for further _ light patterns are depicted with fluor 
action toward the DC-6 simulator at the r 

Along with the “design-for-maintain- cockpit are W. J. Samuels, left, Unit 
ibility” program using computer tech- United flight instructor. 
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QUALITY 
WITHOUT COMPROMISE 


HIGH VACUUM 


COMPONENTS 
& ACCESSORIES 


VEECO manufactures a complete line 
of high vacuum equipment . . . Leak 
Detectors, Components, Evaporators, 
Pumping Systems... 
accepted as the quality 
line for over a decade. 
For individual Bulletin 
or Complete Catalog 
write Dept. 860. 





VACUUM ELECTRONICS CORP. 


Terminal Drive, Plainview, L. L, N.Y. 


HIGH VACUUM & LEAK DETECTION EQUIPMENT 
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Diminutive Motor 


Novel two-phase permanent-magnet syn 
chronous motor was designed and built by 
Bill McLellan, Electro-Optical Systems 
Inc., in response to $1,000 offer made by 
CalTech scientist to anyone who could con 
struct so diminutive a device. Using a 
watchmaker’s lathe, a microscope and a 
sharp toothpick, McLellan fabricated the 
tiny 13-part electric motor, shown next to 
head of an ordinary household straight pin 
Device weighs 250 micrograms, occupies 
cu. in., produces one micro-horsepower 
Company has no commercial plans for the 
motor, but McLellan collected $1,000 





utilization, requires a new approach ¢ 
equipment reliability checking, acc 
ing to A. C. Fulkerson of North Amer 
can’s Los Angeles Division and M 
Polack of the company’s Autonet 
Division 

Such an approach is being used with 
the North American B-70 supersoni 
bomber, closest present approximation 
to the Mach 3 jet transport. The “con 
fidence check” is transferred from th: 
ground to the air by using the B-7! 
digital-computing and recording equip 
ment to program, control, and analyze 
yutomatic in-flight checkout of the a: 
craft systems. Equipment in the B-7 
is to be of a self-checking nature 


Subtle Failures 


Magnitude of the systems-mainte 
nance task is increased in the Mach 3 
transport well beyond the scope of pre 
ent maintenance operations, according 
to the North American engineers. Cor 
rect systems operation 1s a vital require 
ment not only for economics but for 
flight safety. Simple visual and func 
tional tests by a maintenance man no 
longer will be adequate; most failures 
will be of a subtle nature and will r 
quire tests in which dynamic stimuli are 
ipplied to the aircraft systems 

These systems in a typical Mach 3 
transport might include long-range 
radar, air-data computer, automatic 
flight control, variable geometry inlet- 
duct system, gyro platform system, in- 
flight magnetic tape recorder, and gen- 


example... 


FIBERITE 


COMPOSITE =| 
MOLDED | 
INSULATION 
AT 
WORK 


IN 
ROCKET 
MOTOR 
EXHAUST 


Minimum crosion and ablation ressst- 
ance are necded im cxit arcas to resist 
s000° F. and high 
ent results were actheved with 
tec MX 2630 and MX 263A 


chanical strength and thermal 


velocities 


' berite 
625 with 2690 giving the ablation 
tance. By molding these two for 


ms into a composite struc 


1 were provided by | 


rs nation was ey 
ompression mol 
rature imsulating mater 
ed for MIL-M-19536 
yipped fiber npregnate 
with special remorce 
16. t¢ {sbergiass, graphite 
i cerarmmec and quartz. Fiberite 
n ition is specified in the Lar, Bull 
Pup, Polaris, Minute Man, Nike Zeus, 
Red Eye and many others 


EXPLORE FIBERITE 


Missile engineers will find our research 
helpful in solving problems requiring 
materials for special performonce. 
Write factory for bulletin “Fiberite 
High Temperature Insulating 
Moterials.” 


SALES OFFICES IN 
PRINCIPAL CITIES 





THE FIBERITE 
CORPORATION 


Dept. AW.12 
\, 510-520 West 4th Street 
Winone, Minnesota 
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eral-purpose digital computer. Ideally, 
most “confidence testing’ of these sys- 
tems will be done during flight. Systems 
will have built-in self-test features and 
testing will make use of these features 
as well as of other portions of systems 
available aboard the aircraft. The pro- 
gram must provide for isolation of sub- 
system failures to removable units. 

When malfunctions are detected by 
the confidence tests, the terminal will 
be called upon to isolate the fault to an 
interchangeable unit, which will be re- 
placed to put the airplane back into the 
available status 

In a typical airborne test svstem. the 
digital computer at the center of the 
system is the same computer intended 
to perform navigation, cruise 
collision avoidance and other computa 
tions for safe and economical flight. It 
will be available for the test program 
on a time-sharing basis. Because ther 
will be priority functions for the com 
puter during flight, a tape recorder will 
store checkout data for analysis. 


control, 


Military Systems 


Automatic checkout equipment for 
rcraft was discussed by R. G 

PRD Electronics, Inc.. 
vho reported that two actual applica 
tions will be made in the W2F-1 and 
A2F-1 aircraft 

The W2F-1, a twin-engine turboprop 
plane, uses a permanent airborne check 
out installation, with the 
uircraft This plane 
carries clectroni 
equipment for its work, Loh 
mann said 

The airborne checkout will 
provide continuous automatic monitor 
ing of the AEW equipment while it is 
operational. It climinates 90° of the 
equipment necded on the aircraft carrict 
deck. The checkout svstem will in 
crease the aircraft gross weight by .23% 
and is only 2.2% of the weight of the 


military a 
Lohmann, of 


integrated 
system 
tons of 


AF W 


clectronic 
ibout five 


system 





Thermionic Converter 


Experimental thermionic converter, one of 
two units recently delivered to Air Force 
by Thompson Ramo Wooldridge in asso- 
ciation with Thermo Electron Engineering 
Corp., Cambridge, Mass. TRW has USAF 
contract to build experimental vacuum and 
vapor type thermionic generators capable 
of producing 250 watts of electric power. 


AVIATION WEEK, December 12, 1960 


equipment 
said 

In the case of the A2F-] 
equipment is on the ground b 
space limitations in the aircraft 
system comprises four carts, 
taining the test center which 
with one or more of the other 
perform the system tests 

lhe airline customer's viewp« 
expressed at the ASME session 
the society's annual winter mect 
William Littlewood, vice pre 
engineering of American Airlin 

Littlewood said 
use advanced automated ma 


being checked, | 


subsonic 


ystems, too, Complexity of ¢heckout 
equipment discussed, he said, was 
merely an extension of some of the 
equipment used already by the airlines 
the ignition analyzer for piston air- 
raft, for example, or the jets’ landing 
gear signal lights. But a prime need in 
ystems design, Littlewood said, was for 
reliability in the first place: “If things 
were built right in the first place, we 
wouldn't have to check them so much 
in the second place.” 

Any ground checkout system for air- 
line use, Littlewood said, should be de- 
igned so that ordinary mechanics could 
spot the trouble, take out and replace a 
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aviation 


refuelin 


©quipment 


MASS WORKs 


" + one 


aviation refueling equipment 


Contains Facts and Figures on 
Buckeye’s complete line of new avi 
ation refueling equipment 


@ OVERWING REFUELING NOZZLES 
@ UNDERWING REFUELING NOZZLES 
® OW NOZZLES 

@ VALVES AND ADAPTERS 

* 


HYDRANT COUPLING AND 
EMERGENCY VALVES 


@ HYDRANT ADAPTERS 
@ HYDRANT MANHOLES 


@ MILITARY SPECIFICATION 
REFUELING EQUIPMENT 


catalog 


If you have anything to do with the 
purchase or specification of aviation 
refueling equipment, or if you're 
just curious, we want you to have 
a copy of our new Buckeye Avia- 
tion Refueling Equipment catalog. 
It’s free for the asking. 


+ BUCKEYE IRON & BRASS WORKS 
WIITC aviation Department 

PO Box 883, Dayton 1, Ohio 
Please send free Aviation Refueling 
Equipment Catalog AW-660 
NAME 
ADORESS ~ 


ciTY STATE 
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... Of B&P capability 
to make lightweight 
metal assemblies for 
electronic equipment 


Designing and manufacturing 
products and assemblies of 
light metals is a highly spe 
cialized field. Techniques un- 
known to production in other 
metals must be understood and 
new ones must be developed 
for unusual requirements 

Because it has concentrated 
on light metal manufacturing 
for many years, Brooks and 
Perkins today has experience 
and capability unmatched by 
any other organization. 

The Nike-Hercules system 
magnesium cabinet shown 
above is just one example of 
B & P skill in maintaining 
close tolerances and optimum 
precision. Other products and 
assemblies designed and pro 
duced by B & P include 
* cooler plates * radar reflectors 
* communication equipment covers 
* radar reflector bases * equip- 
ment housings °* tripods * redar 
plotting equipment * shelters 
* transit cases * gun fire control 
housings and turrets 
When you need lightweight 
products or assemblies for elec 

tronic equipment, take 
advantage of B & P’s ex 
perience and capability 


BROOKS & PERKINS, INC. 
1902 W. Fort St., Detroit 16, Mich. 
Offices in Washington and New York 





unit, and let the airplane go on its wa 
There is a requirement, he said, for 
logical subdivision and unitization of 
systems, and units must be removable 
without interfering with connections to 
neighboring units 

Littlewood suggested that the “sud 
den great interest” in checkout systems 
might stem from manufacturers’ fears 
tor supersonic transport safety as well 
as economic problems 

Regarding the supersonic transport 
Littlewood said such an airplane "rs pust 
a dull ember—not even a glow in the 
eve of its prospective father” at this 
point. The B-70 will provide experience 
for such a program, he said, which 
might get under way about five vears 


hence 


‘ . ry. 
Shock Device Tests 
Near-Miss Reaction 
Shock conditions simulating those 
f near-miss thermonuclear attack have 
been built into a_ tune 
machine by the American Laboratori 
Division of American Electron: 
Fullerton, Calif. Machine will 


launch cCrcw 


spring shock 


, 


levels and their ability (1) to remain 
scated or standing and (2) to perform 
complex tasks during and after shock 
In all hardened Atlas, Titan and 
Minuteman sites, main floor areas are 
suspended from large shock absorbers 
High over-pressure shocks caused by 
nuclear attack would be transformed 
into lower gravity forces, but with high 
unplitude, low-frequency floor oscilla 
tions and equipment displacement 
lests conducted at American Labora 
tories’ plant will determine human tol 
crances to shock freque ncies and dura 
tions. Other tests include increase in 
blood pressure, blurred vision, coordina 
tion, nausea and balance compensation 


Lycoming Receives 
T53 Follow-On Award 


Production of the Lycoming T53 gas 
turbine will continue under an $8.6-mil 
hon Air Materiel Command contract 

Ihe contract 
Acronautical Systems Center, Wright 
Patterson AFB, to Lycoming Division 
#t Aveo Corp., Strattor |, Conn., con 

rms turboshaft 15 3-L-5 engines for the 

ny's Bell HU-1B helicopter and tur 
yp TS3-L-3 versions for the Army's 


} 


umman AO-1 Mohawk 


award, made by the 


SUBJECT being tested on shock simulator at American Laboratories, Fullerton, Calif., finds 
it dificult to operate controls on standard electronics rack. American Laboratories says that 
ballistic missile launch crews may have to be equipped with crash helmets, magnetic shoes, 
safety belts and padded clothing to withstand shock forces of near-miss thermonuclear attack. 
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ANTENNAS 


ANTENNAS 


AS ATLAS SPED 9000 MILES for a Free World dis- 
nee record, the U.S. Air Force ATLAS Radio 
mmand Guidance System precisely guided 
» missile into correct trajectory, then instantly 
t off propulsion at the exact combination of 
sition and velocity needed to hit the target. 


THE FREE WORLD'S MOST ACCURATE RADAR ANTENNA 
missile guidance was needed to precisely 
insmit signals from the system computers 
the ATLAS missile. This tracking antenna 
juired an all-out development effort for 
ision by General Electric’s Ordnance De- 
tment under contract to the G-E Defense 
ms Department. The result—a series of 

n and manufacturing breakthroughs in the 


le radar antenna field. 


FIRST MOLDED-SURFACE REFLECTOR DISHES, stand- 
10 feet high and finished to .008 inch, are 
ht, rigid, and precise. 


FIRST SERVO-SLAVED RADOME, air-conditioned to 
ne-half degree tolerance, features special thin 
window which follows reflector dish. The 

sult is maximum temperature stability and 


nimum RF distortion. 


FIRST GEARLESS POWER DRIVE successfully applied 
1 tracking antenna furnishes unexcelled 
othness and positioning accuracy at ex- 
mely low rates of rotation. This Directrol* 
wer drive combines a unique direct drive 


tor with an advanced servo control. 


TOLERANCE OF .000050 INCH on 48-inch diameter 


se ring assures stability of antenna mount. 


DIRECTROL POWER DRIVE furnishes the key to ultra- 
recision on the ATLAS tracking antenna. For 
re information on this unique power drive, 
te for GEA-7015, “Directrol Gearless Power 
ves” and “Gearless Drive For Power Servo.” 


166-12 


* Patent Pending 


ORDNANCE DEPARTMENT 


F THE DEFENSE ELECTRONICS DIVISION 


GENERAL @ ELECTRIC 


PLASTICS AVENUE, PITTSFIELD, MASSACHUSETTS 


INCHING Be HANDLING EQUIPMENT...TORPEDOES 





LITTON INDUSTRIES 


MICROWAVE TUBES 
K BANDS = 


Lak 


KLYSTRONS 


Frequency 


Megacycies 
1250 to 1350 


tb \ 


U, A, 


Peak 
Power Cathode 


Duty 
Ratio 


0.0025 


watts seconds 
2 8 


Remarks 
Broadband 
(100 megacycles 
between 2 
megawatt points) 


PULSE MAGNETRONS 


Ie. 


Frequency 
Range 
Megacycies 
8800+ 25 
9300t 40 


9280 to 9320 


8800 to 9500° 


9330 to 9350° 
16,000 to 16,500° 


8800 to 9500* 
16,000 to 16,500° 
8800 to 9500° 
8800 to 9500° 


9280 to 9345 


1.0 
1.0 


2.0 
2.0 
3.0 
4.0 


7.0 


Remarns 
Extremely high duty 
Highly ruggedized; 
frequency stable 
Frequency stable; 
pulse train 
capability 
Highly ruggedized; 
frequency stable 
Frequency stable 
Highly ruggedized; 
frequency stable 
Highly ruggedized; 
frequency stable 
Highly ruggedized; 
frequency stable 
Highly ruggedized; 
frequency stable 
Highly ruggedized; 
frequency stable 
High duty beacon 
magnetron 


Long range search 8500 to 9600° 30.0 

radar of 
For linear 9375230 30.0 High duty version 
accelerator of LT-4J52A 


For linear High duty version 
accelerator of L-3083A 

Long range search Recommended for 
radar and linear new systems 
accelerator Recommended for 
Long range search MT! systems 
radar Recommended for 
For linear frequency diversity 
accelerator Recommended for 
and radar MTI systems 
Long range Recommended for 
search radar new systems 


Ge | Sete 


Hydraulically 
TRAVELING WAVE TUBES 


tunable for 
frequency diversity 
“Enea” 
7000 to 11,000 


Recommended for 
7000 to 11,000 


new systems 
*Fixed frequency versions available generally throughout tunable range. 
4000 to 8000 
4000 to 8000 


A SS A 
8500 to 9608 CW MAGNETRONS 
7000 to 11,000 


100 to 300 Solenoid we v 
* In development 


Megecycies 

PEN OS RO 350-500 
590-975 

M-TYPE BACKWARD WAVE OSCILLATORS 

Type Frequency Range Power 


975-1500 
Number Megacycies Ovtput 


1500-2350 
2350-3575 
L-3148 8500 to 11,000 150 
watts 


3575-4975 
minimum 


1240 to 1360 h duty version 
T-6543 


1280 to 1330 


1280 to 1330 L-3306 16,000 to 17,000 30.0 


1250 to 1350 L-3083A 16,000to17,000° 60.0 


LT-6543A 8500 to 9600° 65.0 


1250 to 1350 0.0033 


L-3305 8600 to 9500° 65.0 


2855 0.0015 


LT-6510 9375-39 65.0 


7.2 0.0015 LT-4J52A 9375230 70.0 0,001 


0.001 
0.001 


200.0 
200.0 


8500 to 9600° 
8600 to 9500° 


L-3312 
L-3313 


LT-4J50A 9375230 225.0 0.001 


Power 


Output 
20 mw 
2W 
20 mw 
2W 


10 W 
5 Ww 


100 W 


Focusing 
PPM 
PPM 
PPM 
PPM 
PPM 





Remarks 
These CW Magnetrons 
may be pulsed to 
approximately 2 
kilowatts peak power 
and are recommended 
for component testing. 
Factor Remarks 


Cw No holes 


na 
1.5/1VSWR 


Focusing 
Permanent 
magnet 


4975-6175 
6175-7275 
7275-8775 
8775-10,475 


CROSSED-FIELD FORWARD WAVE AMPLIFIER TUBES » BARRATRON® TRANSMITTING TUBES ¢ MINIATURE NOISE SOURCES + OUPLEXERS & TR TUBES « DISPLAY TUBES 


LITTON INDUSTRIES 


Electron Tube Division 
San Carlos, California 


BSSsssssss 


A complete line of M-BWO's is available but classified 


“CAPABILITY THAT 
CAN CHANGE 
YOUR PLANNING” 





AVIONICS 


mS 


ipa: 


DIODES, slated for design into guidance and control systems of Minuteman ICBM, are subjected to vibration test (left) and visually 


inspected (right) as part of extensive North American Autonetics directed reliabilit ram at Pacific Semiconductors, Inc. Reliability, 
or failure rate, of these parts is expected to be raised by two orders of magnitude 


Minuteman Avionics Reliability Increases 


Los Angeles—Partial results of a 
broad program aimed at boosting relia 
bility of avionic components slated for 
the Minuteman ICBM show significant 
progress toward the goal of slashing 
component failure rates by a factor 
is much as 100 (AW Oct. 19, 1959 
p. 69) 
The program is intended to ensure 
that components going into the guid 
ance and flight control systems of ao mek... 
Minuteman missiles can survive the TORAGE ne 
weapons long periods of watchful idl 
ness in underground silos and the en 


vironmental ngors of possible launch | MINUTE MAN NE VALUATION 

| > aN aciT L L 
! at N TICS Vii & CONTR rence tatty TESTS 
ind operation orth American Avia | > cone ESTs i a | 


AC 
Te MPERAT URE 














tion’s Autonetics Division, Minuteman 
associate prime contractor, is_ tightly 
os * rv "dew yg gree effort STEPS in test, evaluation and select mponents destined for the Minuteman ICBM 
o date, participating avionn guidance and control systems are s flow diagram. Chart indicates steps for three 
4 I 

component makers hold subcontracts sae . 
types of diodes made by Pacific Sen sctors, but is also typical for components made 
ranging in value from nearly $4 million 
to about $2 million to supply Autone 
tics with the reliable diodes, transistors, 
capacitors, resistors and transformers r 


quired for Minuteman. The contract ; 
dollars only cover a portion of the costs netics for additional pruning and test before going into missile assembly. Groups of 


environmental ovens, some special components are removed from the fi fore leaving component maker's plant fer Auto- 
building areas, a few salaries, perhaps a _netics-directed Matrix tests; other sa ire selected at Autonetics for long-life tests. 


by over a dozen other manufactur xc Autonetics Minuteman component reliability 
program (AW Oct. 19, p. 69). | Semiconductors’ devices are fabricated, undergo 
series of company reliability tests, a ire available for sale or as candidates for Min- 
uteman program. The latter group ted further, the bulk of these shipped to Auto- 
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Tru-Loc Swaged Aircraft Fittings 
guaranteed free from defects... 


Tru-Loc aircraft fittings are guaranteed three ways—they conform to 
specified dimensions; they hold to the minimum rated breaking 
strengths of the cables to which they are swaged; and they are free 
from deformation, splits and internal cracks. With Tru-Loc swaged 
fittings you also get: 

Widest range of sizes « Tru-Loc fittings are available for cables 
ranging from 44" to 214” diameters. 

Types for every application « Sleeve-type, ball-type, ball-with-strap, 
center-pull loop fittings, “Quickies” for instant connect and dis- 
connect—all of these fittings were originated by American Chain 
& Cable Company, Inc. Special fittings can be designed as required. 


“NO-MAG” CABLES GIVE BETTER CORRO- | 

SION-RESISTANCE THAN STAINLESS STEEL 

“"No-Mag” cableis non-magnetic, won’t 

interfere with instrument operation. In 

corrosion-resistance and thermal char- 

acteristics, it is superior to standard 

stainless steel. ‘‘No-Mag”’ aircraft ‘ 

cables also offer high fatigue and abra- 

sion resistance, are available in a com- f° 

plete range of sizes in all the standard 

aircraft constructions. 

GET THE COMPLETE STORY on ACCO products for the aircraft industry 
Write to the Detroit Office 


*=<° FRU-LOC FITTINGS 
> Automotive and Aircraft Division 
' American Chain & Cable Company, Inc. 
SF a 601 Stephenson Bidg., Detroit 2 

mm S— 6800 East Acco St., Los Angeles 22 « 929 Connecticut Ave., Bridgeport 2, Conn. 
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MATRIX board containing one hundred 
transistors is placed into environmental 
chamber for life tests at accelerated condi 
tions. Component manufacturer, Fair 
child Semiconductor Corp., hopes to bring 
reliability of all components up to high 
level being reached for the Minuteman. 


small portion of the components and 
their testing. The component supplict 
bears the remaining expense in payment 
for the component reliability improve 
ment program he might not otherwise 
be able to shoulder alone. Of course, 
each manufacturer is being paid addi- 
tionally for production quantities of 
their components earmarked for 
Minuteman 

Participation in the Minuteman pro 
gram gives cach supplier an opportunity, 
as one put it, of eventually raising 
ill its components to the Minuteman 
level. Components account for a major 
portion of the cost of Minuteman guid- 
ince/control systems because of large 
numbers required and the relative low 
cost of system assembly 


Transistor and Diode Sources 


Besides these 13, Autonetics plans to 
bring other companies into the program 
is second sources for transistors (now 
made by Motorola, Fairchild, Delco, 
I'ransitron and General Electric) and 
diodes (supplied by Pacific Semicondu 
tor and Transitron). Four companies 
Clevite, Texas Instruments, Fairchild 
ind Transitron—are under consideration 
is backup supplier for the most widely 
used component im the system, a silicon 
computer diode, made by Pacific Semi 
conductors. Transistor second sources 
will be selected from another group of 
10 or 12 semiconductor companies 

Minuteman components must reach 
final reliability goals in six ascending 
time and achievement phases through 
out the 15-month program. Suppliers 
have met the first several phase goals, 
according to failure rate versus schedule 
curves prepared as part of the program 
For example, Pacific Semiconductors, 
which provides three types of semi 
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conductor diodes for the program, in- 
cluding the extensively used computer 
diode, recently reached these levels: 
¢ Computer ‘diode—Estimated failure 
rate of 0.0009% per 1,000 hr. Final 
goal is an actual failure rate of 
0.0002% /1,000 hr., highest reliability 
goal of any Minuteman avionic com- 
ponent and a reduction by a factor of 
100 from the preprogram estimated 
failure rate. The present figure is factor 
of 22.2 improvement in estimated rate 
e High conductance diode—Fstimated 
failure rate of 0.002% /1,000 hr. Final 
goal—0.001 % /1,000 hr. 
e Low leakage diode—Fstimated failure 
rate of 0.002% /1,000 hr. Final goal 
0.001% /1,000 hr The preceding 
failure rate figures are at 60% con 
fidence level. An acceleration factor of 
100 is assumed in each case. Similarly, 
Motorola reports it is not far from a 
final goal of 0.007%/1,000 hr. with 
the germanium mesa pnp transistor it 
supplics to Autonetics. Another sup- 
pher, Fairchild Semiconductor Corp., 
has advanced reliability of its Minute- 
man silicon transistors at a comparable 
pace 

What the stringent reliability objec- 
tives of the Autonetics program mean 
mav be shown in one way by an ex- 
ample, cited by Marvin Mann, reliabil- 
ity control] manager at Pacific Semicon- 
ductors, Inc. If every component of a 
typical home TV receiver were to have 
the identical mean-time-failure rate re- 


CLOSEUP of Fairchild Semiconductor tran- 
sistors, manufactured for the Minuteman 
ICBM, mounted on matrix board to sim- 
plify handling and to protect them through 
long periods of storage and testing. 
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quired of PSI's silicon comput 
Mann explains, it might oper 
tinuously without failure f 

years. 

Improved reliability of com 
for this program results fri 
better processes and better 
techniques. Processes are cont 
improved with failure analyses 
components found at different | 
tions in the product flow fro 
facture to assembly, at the 
plant and at Autonetics. ( 
action is applied to producti 
processes, and the results are 
Reliability then is obtained 
control, not change 


Product Flow 

l'ypical steps through wh 
ponents pass at the supplier 
into Autonetics are indicated 
companying drawing, based on 
flow at PSI. Diodes, fabricat 
company’s diode and rectifier 
brought to a separate 40,01 
location where samples are s 
sec that they meet Mil specih 
Here diode samples undergo tw 
of tests, common for all com 
odes. One group is short order 
shock, vibration and temperat 
cling. In one test the diode is \ 
for 30 sec., and should shunting 
junction, an anticipated possibl 
occur, it appears as shifting of 
verse characteristic viewed on 
l'op of the diode is repeatedly 
another test, resulting in a ch 
the forward characteristic (in t! 
of failure) because the failure 
ism is a movement of the whish 
ing shock. If a lot doesn’t qualif 
culled to remove potentially un 
units. Samples are put through 
ond series of tests, longer in 
including 10-day moisture 
thermal storage and operat 
electrical load. In the moistu 


mice test, the diode is sub 


alternate hot and cold cyclin 
samples which survive this 
reliability testing experience 
erating failure rates between 
0.01% per 1,000 hr. of operat 
cording to PSI estimates 
Components successfully arri 
this point are available either fi 
for selection as candidates for 
uteman program. Some of the 
xating manufacturers, like M 
vave separate production lines fi 


} 
; 
} 


uteman components although 
in Motorola's case, the same 
tion and process control technigq 
applied to all transistor pro 
Others, like PSI and Fairchild 
Minuteman components fron 
normal production runs 
Minuteman component can 
then undergo 100% testing in 
vibration, shock, thermal aging 


PROPELLANT 
DEVELOPMENT 


Another area 
of advanced inquiry at U.T.C. 


At United Technology Corporation's 
new multi-million-dollar research and 
development complex in the San 
Francisco Bay Area, a staff with unique 
capabilities is conducting a research 
program of unusual scope. 


Specific programs under investigation in 
the propellant development field include: 


¢ Fundamental mechanical properties 
of heterogeneous systems. 


© Kinetics of chemical bond rearrange- 
ments and influence on thermal 
stability. 


e Synthesis and stability studies of 
energetic molecules. 


Already this research is producing 
advanced concepts of 
major significance. 


UNITED 
TECHNOLOGY 
CORPORATION 


A subsidiary of United Aircraft Corporation 
P. O. Box 358 + Sunnyvale, Calif. 
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AIRBORNE 
SUB-HUNTERS 
USE TI 
ASW SYSTEMS 


Five major ASW aircraft 
today use antisubmarine warfare systems supplied by 
Texas Instruments. These include radar, sonar, magnetic 
anomaly detection, interval computers, intercom, and 
advanced detection systems. Now, TI is applying 
its 14-years’ antisubmarine experience to newer and 
better methods for detecting, localizing, classifying and 
positively identifying both conventional and nuclear- 
powered submarines. 

For detailed information about these special activities, 
properly cleared personnel with a need to know are 
invited to contact SERVICE ENGINEERING: 


TEXAS 


APPARATUS DIVISION 
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PHASES: | 2 3 


ESTIMATED failure rates of several component types supplied to Autonetics for Mir 
mated failure rate of Pacific Semiconductors’ computer diode, most widely used comp: 
of operation based on assumed acceleration factor of 100 (left). 


5 


of this weck for assumed acceleration factor of 75 (right). 


ter bomb tests. Completing all tests, 
components are soldered in special trays 
for shipping to Autonctics and individ 
ual punch cards containing data on 
cach com 
componcnt 


clectrical characteristics of 
ponent accompany the 
trays to Autonctics 

Before shipping to Autonetics, at 
three points during the course of the 
program batches of components are re 
moved for a special serics of matrix 
tests which are regarded as key to the 
program. These tests provide 
© Failure rate derating curves to be 
used as applications data. 
© Autonctics with a means of following 
progress of the program in detail. 
¢ Correlation between actual compo- 
nent failures in use and under accelera- 
tion. When this is known, a small 
sample can be used to accurately pre- 
dict failure rate for an entire lot. 
@ Parts for failure diagnosis. This is 
merely a byproduct 

In matrix tests, samples of com- 
ponents are placed on life racks at dif- 
ferent temperatures, voltages, currents 
and powers above and below rated op 
erating conditions. Chart showing num 
bers of components operated at these 
parameters is in matrix form. Number 
of components is selected to surround 
optimum operating conditions for the 
component 

In first matrix an effort is made to 
determine weaknesses, if anv, in the 
component, and to find failure modes 
in the component. From results of this 
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first matrix the actual accelerat 
tor should be found. Second 
tested under environmental co: 
which Minuteman is expected 
counter and the 
finally demonstrate the failure 
jective. Numbers of components 
it cach temperature and pow 
within each matrix and from 
to company Fairchild, for 
will test 9,800, 9,300, and 3 
three matrices for its npn tran 
ind 9,800, 9,300 and 42,600 f 
transist’s or a total of 114,91 
ponents 

About 75% of the 
ponents, Autonetics estimates, 
their way back into the flow 
ponents for the Minuteman ass 


matrin 


Component Rejection 


At Autonetics components 
and a small portion are long life 
Components which fail to pass 
acceptance tests can be rejected 
larly, should a batch of componc 
to pass another series of ac 
tests 4 months shipments can 
Among others, Autonet 
componcnt 


jected 
pares exception by 
curves, exception by amount of 
in specified period The forn 
plot indicating the distribution 
ponent values around a rate: 
Conceivably, a batch of 
example, which qualify in all 


resist 


may display an unusually high p 


age whose values group near th« 


/ 
60% CONFIDENCE 


teman ICBM guidance and control systems. 
nent in the system, reached 0.009% per 1,000 hr. 


Fairchild npn silicon transistors similarly are ahead of goals as 


third is expect 
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Esti- 


tolerance limit. This might indicate a 
otentially unreliable failure condition. 
Similarly the exception by amount of 
hange plot might indicate variation in 
tolerance after a period of time heavily 
n one direction but still within accept- 
ble limits. This, too, might be a dan- 
ger signal. 

\ vital feature of the program is 
failure analysis effort. Each subcon- 
tractor maintains a skilled group of pro- 
fessional people—physicists, chemists, 
metallurgists and engineers—to study 

iuses of component aces At Fair- 
hild, for example, this group, called 
the autopsy committee, is composed 
if representatives from every area with- 
in the company. Its function is to 
track down unusual phenomena or fail- 
ures that cannot easily be characterized. 
rhe sequence of steps for failure an- 
ilysis and corrective action at Motorola 
follows: quality control group receives 
faulty components and makes prelim- 
inary electrical evaluation. The parts 
are then passed along with failure anal- 
vsis forms to —— where com- 
ponents undergo a standard sequence 
of about two dozen tests, including me- 
hanically opening the unit, subjecting 
t to chemical, spectrographic and pho- 
tographic analysis. A form is finally 
prepared indicating failure mode, symp- 
tom and required corrective action. 

The close working relationship be- 
tween Autonetics and its various sup- 
pliers is quite unusual. Each supplier 
must maintain a program plan and sub- 
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NOW, TIROS II | 


New Television and Infra-Red 
Observational Satellite 


TIROS Il—Improved experimental weather ob- 
server—follows TIROS I to provide man with 
new and more comprehensive views of earth's 
ever changing weather patterns from its vantage 
point some 400 miles in space, The new, more 
definitive pictures and data it gathers and re- 
turns to earth are providing a ground work for 
new giant strides in meteorology and long range 
weather forecasts 

Tiros Il satellite like Tiros Il, was designed, 
dev eloped and built by RCA's Astro-Electronics 
Division for the National Aeronautics and Space 
Administration. It includes ail of the equipment 
of TIROS I—TV cameras, tape recorders, TV 
transmitters, command receivers, timing mech- 
anisms, beacons and telemetry equipment—plus 
many new and improved devices. Chief among 
these are 
New scanning and non-scanning Intra-Red Sensing Devices - De 
veloped t to measure and record the heat radiation of the 
earth and its ud adding fnew dimensions to existing 
weather data 
New Magnetic Orientation Device advance to cap 
talize on the effects o f Son TIROS II 
ad mainte varanle erie , sensors ever OA G8 


ended ¢ 


New noise suppressor circuits. to heipe nate extraneous noise 
Tie 


from TV pictures | returns to earth 


New miniaturized RF Dipiexer—to provide important savings in 


syioad space and weight 


improved herizon scanners and sun angie sensors to give better 


n information for more efficient use of satellite photo 
P € 





developed by 

mmouth, N. j., 

Range and the back-ug " e 
praveral, Florida 


Many of these outstanding improvements were 
designed, developed, tested and incorporated in 
TIROS II within the short period of time since 
TIROS I was launches. It is an example of the 
kind of dynamic capability that is available to 
you at RCA’s Space Center by simply contact 
ing the Marketing Manager, RCA Astro-Elec- 
tronics Division, Princeton, N. J 

If you are interested in participating in this 
challenging team effort, contact the Employment 
Manager, Astro-Electronics Division, Defense 
Electronic Products, Princeton, New Jersey. 


The Most Trusted Name 


in Electronics 


® RADIO CORPORATION OF AMERICA 











5 (7 
Voltage Amplifier Realizes Size Economy 


Microcircuit version of three-stage voltage amplifier achieves considerable size economy as shown before and after encapsulation (left) 
below original version. Small amplifier operates from 28 v.d.c.; turns out 3 w., has output impedance of 2,000 ohms and maxi- 
mum gain of 40. Microcircuit version is fabricated by finely controlled evaporatix { film resistors on one side, and small valued capacitors 
on other side of glass substrate. Diodes and uncased transistors can be inserted in ultrasonically drilled holes of substrate for con- 
nection between resistors and capacitors. At right, two 1500 picofarad capacitor: everal diodes are shown mounted on substrate of 
unencased three-stage amplifier. Solid State Physics Laboratory of Lear, Inc Angeles is responsible for development. 


mit periodic reports to Autonetics. Once Autonetics team details the M color slides for training and orientation 
a month a group of Autonetics adminis- program and how PSI fits into it of workers. 

trative and technical people hold what PSI representative then el n Various incentive schemes are also 
frequently amounts to an all-day tech- his company’s participation employed. At Fairchild special start- 
nical direction, or TD, meeting at the Motorola has prepared s of-week-breakfasts are organized for 
supplier's plant. At these meetings, re sound-on-film movies and s workers with excellent attendance rec- 


ports by personnel from both organiza of records used in conjunct t ords. 
tions detail various problems and tasks 
of the entire program. The exchange 
is unusually frank In intervening 
weeks individual engineers concerned 
with some specific problem relating to 
the program pass back and forth be- 
tween Autonetics and the supplicr. All 
facilities and processes at the supplicr’s 
plants are under continual supervision 
by visiting Autonetics engineers and 
trained technical personnel maintained 
by the guidance assembler at cach sup- 
plicr’s plant 

An integral part of the program is 
extensive traiming and. orientation of 
personnel from production workers 
through management. Autonctics found 
production yield increased 158% after a 
worker orientation and T'V presentation 
program began. At PSI, a status review 
of the program is presented once a 
month Training movies, charts and 
visual aids are employed. 


Ihe program manager reports to the ' ' 
‘ 
company’s management on the pro- 
gram's success, problems, and remain- : 


g ti sks This formatio $ passed * . . . , 
in i i in Tination 1} pda Radiation, Inc., Builds Bullpup Simulator 


to the staff in a sequence of meetings 
depending on the level of interest Flight characteristics of the air-gro Martin Bullpup missile are incorporated into mission 
Monthly reports to production workers simulator built for Martin-Orland Radiation, Inc. Bullpup appears as a blip on the 
ire tied in with foreman’s meetings. scope; pilot-trainee then attempts ide the missile to the target at the center of the 

\s orientation for new employes, a screen through a control arm. Sor »blems, such as drift or target bearing change, are 
company representative explains the programed into the simulator. R: t devices (not shown) automatically display trainee’s 
importance of national defense and an miss distance at conclusion of ea ilated mission. 
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Engineer inspects Styrofiex® cable installed 


on an antenna array at one of Pacific Scatter 


Communication System stations shown at right. 


Over 40 miles of Styroflex*Coaxial Cable help assure} 


More than 200,000 feet of Styroflex® coaxial cables are 
in active use as balanced antenna feed lines in the 
recently completed Pacific Scatter Communication 


System stretching from the Hawaiian Islands to 
Okinawa. This trans-Pacific system, one of the largest 
and most advanced of its kind in the world, uses 
ionospheric and tropospheric propagation techniques 
that produce over 99°% reliability. An important part 
of the Strategic Army Communications Network 
(STARCOM), the system was designed, developed and 
constructed by Page Communications Engineers, Inc. 


for the U. S. Army Signal Corps. 





Each of the nine stations in the network is equipped | 
with the same major component parts— transmitters, 
exciters, multiplex terminals and antennas. The cables! 
used in the 200- and 400-foot antenna arrays range 
from 1%" jacketed Styroflex® cable to 344%" jacketed 
Styroflex® cable. About 7,000 feet of '4” jacketed 
Foamflex® cable is also used in the system. The Styro- 
flex® cables were spliced in the field by an inert-gas 
Heliare welding process to assure noise-free connections 
required for successful duplexed antenna operation. 

The extremely low inherent noise level and low 
attenuation of Styroflex®—together with this air- ] 
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Pacific Scatter Communication System reliability! 


dielectric cable’s stable electrical and mechanical ments call fe 
properties—especially qualify it for the critical speci- bility, invest 
fications of this STARCOM system. If yoursystem require- 


PHELPS DODGE COPPER PRODUC 


3OO Park Avenue, New York 22,N.Y 


, ble with low loss and high relia- 
ig e successful record of Styroflex®! 


P ge { ‘ommu nications Engineers, Inc.) 





Without 
Stabilized 
Platform 
in use 


With 
Stabilized 
Piatform 
in use 





SLA BLL x 


When your problem requires a precision stabilized platform 
for its solution, then Aeroflex Laboratories can provide a 
gyro, slave, or inertially stabilized system of proven verticality 
and reliability, conforming to MIL-1-6181 and MIL-E-5272. 
For additional information on Stabilized Platforms for 
photographic, IR, radar or other unique applications requir- 
ing the stabilization of large devices, address inquiries to 
Dept. SP-6. 
THE AEROFLEX CORPORATION 


AEROFLEX LABORATORIES 








DIVISION 
™\“\, ) 34-06 SKILLMAN AVENUE e LONG ISLAND CITY 1, N. Y. 
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NEW AVIONIC 
PRODUCTS 


e Pulse rate integrator, Pi-111 and 
PI-112, designed for monitoring radia 
tion detectors, tachometers, repetition 
rate pick ups. The frequency deviation 
integrator has input sensitivity as low 
as 10 mv. rms., can indicate variations 
at different center frequencies from 50 





cps. to 50 ke., depending on the par- 
ticular model. For example, one will 
indicate variations between 380 and 420 
cps. The PI-111 measures 34 in. wide, 
the 112 is 44 in. Prices range from 
$150, with 30 dav delivery Anadex 
Instruments, Inc., 14734 Anminta St 
Van Nuvs, Calif 


© A.C. motors, 4,500 frame series, in 
cludes units providing outputs to 14 
hp. a nduction motors up to 300 
~ al 
tall torque as torque motors 
m 1/200 to 4 hp. as hysteresis 


ironous motors. Motors in the 


4.500 frame size have outside diameter 
ff Sé in. and are available with on 
three phase inputs, 26 to 230 
Its and with frequencies from 25 to 
p Data sheets are available from 
th manufacturer, IMC Magnetics 
Corp., Eastern Division, 570 Main St., 
We tbury, N Y 
@ Electromechanical chopper, Model 
30, weighs 9 grams, measure in. Xx 
in. x @ in. and is for use on 6.3 volts, 
60 cps. single phase a.c. to mechanically 
modulate information signals with a 
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60 cps. modified square wave. It oper- 
ates from d.c. to 150 cps. in—65 to 
100C range. Airpax Electronics, Inc., 
Cambridge Division, Cambridge, Mary- 
land 


¢ D.C. pressure transducer, P2-3000 
cries suitable for applications with 
critical weight limitations. One model, 
tvpe P2-3076 for pressure ranges up to 


5,000 psig, weighs 5 oz. and requires 


3 ma. at 28 v.d.c for zero to 5 volt d.c 
output. Units measure approximately 
3.15 in. in length and have | kilohm 
mitput impedance. Davstrom-Wiancko 
Enginecring Co., 255 N. Halstead St., 
Pasadena, Calif 


e Carbon film resistors, 11 [ype CG1 
housed in hermetically sealed hard-glass 
CASCS m dissipate | watt, twice that 
sect by MIEL-R-10509C for same di 
mension package. Resistors are avail 
ble in values from 24.9 ohms to 82.5 


kilohms. A #& watt unit, designated 
CG can be obtained in valucs from 
1.9 to 18.2 kilohms. Both types are 
ilable in 1, 2 or 5% tolerances 


Manufacturer: Texas Instruments, Inc., 
P.O. Box 312, Dallas 21, Tex 


© Flip flop modules, H-2 plug-in unit 
mtains two flip flops capable of speeds 
to 5 mc. and interconnection to 
form shift registers or counters without 
xternal gating. The flip flops are com 
patible with gates made by same firm 


ind single-phased clocked systems op 
crating at speeds up to 3 me. can be 
made from the combination of the two 
Manufacturer: Abacus, Inc., 3040 Over 
land Ave., Los Angeles 34, Calif 
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communications problems ? 


If an enemy should stage a 
surprise attack against the 


United States, our survival 


“ could depend on fast, reliable 
mn with com- 


unications 
mand posts around the world. Hoffman has 
been a leader in the development and pro- 
duction of specialized communications 
equipment since the early days of World 
War II. Today, it is making significant con- 


to some of the most advanced 


tributions 
global communications systems employed 


by our military forces. With this experi- 


ence, Hoffman stands ready to offer solu- 


tions to your communications problems. 


as 
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AERONAUTICAL ENGINEERING 
Continental Tests Light ‘Turbine Hagiies 


By Barry Tully 





Detroit—A front-drive free-turbine en- 
gine developing 500 shp. represents 
Continental Aviation and Enginecring 
Corp.'s entry in the light turbine field. 

Available in turboprop and turboshaft 
configurations, Continental's Model 217 
turbine (AW Sept. 5, p.. 31) is aimed 
at both military and civil markets. Ap- 
plications include helicopters, light 
VTOL aircraft and proposed turboprop 
business aircraft 

The prototype Model 217 is now 
undergoing initial test runs at the engi- 
neering headquarters of Continental 
\viation in Detroit. The 50-hr. qualifi- 
cation test of the engine is slated for 
April, 1961. Production will be in 
loledo, Ohio 

Continental reports that the engine 
has met its design weight goal of 210 
Ib. for the turboshaft (turboprop 230 
Ib.) 

Future goals to be met are 500 
shp. on takeoff with 0.67 sfc. at sea 
level standard conditions. Normal rated 
power at sea level would be 405 shp 
At sea level on a 100F day, power 
would be reduced to 415 shp. on take- 
off and 326 shp. normal. At 6,000 ft 
on a 95F day takeoff power would fall 
to 337 shp. and normal rated power to 
265 shp 

Continental says that it selected the 
500-hp. power rating of the engine after 
studying the requirements of proposed 
turboprop business aircraft. This study 
indicated that a smaller turbine would 
not provide sufficient hot-day perform- CONTINENTAL’S 500 shp. Model 217 turboshaft engine is suspended for center of gravity 
ince and would be limited in stretch and moment of inertia determination. Turboshaft engine dry weight is 210 Ib. The 


potential rotating components of the front-drive, free-turbine engine (T72-T-2) are depicted below. 


Powerplant Possibility fee es eee 


The Model 217 will be mentioned 
1s a powerplant possibility in some pro 
posals for a larger version of the Army's 
light observation aircraft helicopter 
program. In this connection, the com 
pany omens — bears the mili- 
tary designation 172-T-2 (turboshaft 
AW Se pt 26, p 68) 

rhe company says that the turbine’s 
development was not predicated on 
military sales and it expects commercial 
sales to carry the project. Price goal, 
based on volume production, is about 
$13,000 per unit. Precise cost figures 
prior to production tooling are difficult 
to predict; however, Continental is 
confident that its Toledo production 
facility will be able to reduce produc- 
tion costs. As an example of this, the 
company cites the J69 engine which 
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PIONEERS 
JOIN 
FORCES... 


In July of 1960 Mr. Sherman Fairchild 
and Or. Alien B. Du Mont, 
shook hands on the merger 
of Alien 8B. Du Mont 
Laboratories inc. into 
Fairchild Camera and 
instrument Corp. 

The Du Mont Military 
Electronics organization 

is now a department 

of the Fairchild 

Defense Products 


ee, AIRCHILD 


DEFENSE PRODUCTS DIVISIO 


MILITARY 
ELECTRONICS 


Pe! 


2 Se mam 


Engineers and scientists are invited to discuss new opportunities presented by continuing growth of the Defense Products Division. 





INTEGRATED MAPPING SYSTEM 


HIGH ACUITY 
AERIAL CAMERAS 





OCATOR 


MILITARY TELEVISION 








TECHNOLOGICAL FIRSTS FOR 
FAIRCHILD AND DU MONT 


1920—Intra-lens shutter for aerial cameras. 


1928—t trical operation designed into aerial cameras 
and first fully-automatic cameras. 


1931—Practical cathode ray tube developed. 

1932 pment of complete oscilloscope. 

1937 g-persistence tubes used in radar displays. 
1938—A ectronic television set marketed. 

1942 eloped all-electronic lead computing gunsight. 


1944 veloped and produced aerial radar reconnais- 
sance | rding system. 


1945 veloped three-axis rate gyro and servo-controiled 
stabilizat system. 


1948 tegrated automatic aerial camera and multi-unit 
contr ystem. Rapidyne shutter introduced. 


1954 eloped reconnaissance camera with self-con- 
tained automatic exposure control and five-camera control 
systern 


1960—Developed high acuity aerial reconnaissance system. 
1960—Fully automatic tactical photo transmission system. 


THE RESULT: INCREASED 
TECHNOLOGICAL ABILITY 
FOR FAIRCHILD DEFENSE 


PRODUCTS DIVISION IN 


DATA 


COLLECTION+ TRANSMISSION - 
REDUCTION « REPRODUCTION - 
STORAGE AND RETRIEVAL 


Specifically, Du Mont provides added competence in Tele- 
vision, inications, Special! Radars, Large Area Dis- 
plays, F ptics and Electronic Test and Ground Support 
Equipment 

Cross-fertilization of the ideas of Fairchild and Du Mont 
engineers are developing new system concepts in these 
areas and further extending Defense Products Division lead- 
ership nnaissance and surveillance techniques. 


AIRCHILD 


CAMERA AND INSTRUMENT CORPORATION 


‘ 


DEFENSE PRODUCTS DIVISION 


BBINS LANE, SYOSSET, L. 1, N. Y. 








the axial compressor rotor bearing arc 
mounted in hydrodynamically-damped 
spring suspensions 

Takeoff horsepower (sea level/ rhe free power turbine is supported 


underwent a unit price reduction from 
530,000 to $15,000 within a 2,600-unit | Model 217 Specifications 
production run 

The Model 217 turbine is an original 
design, unlike the J69 which was built 
under license from the Turbomeca Mat Weight (turboshaft) 210 Ib. hvdrodynamically damped to reduce vi 
bore turbojet. Continental has clos Weight (turboprop 230 Ib. bration transfer 
engineering ties with the French com Output shaft speed (turbo \ long shaft transfers the torque from 
7 bears a shaft) 6,000 rpm e turbine rotor through the gas 
Output shaft speed (turboprop) , ' r shaft to the reduction gear at 
connected turbine design 2,100 » go ¢ front the engine. The reduction 
The free-turbine Model 217 « ™ Specific fuel consumption 0.6 gear. des ed to handk 1) hp., con 


i straight-through flow 


5 4 " 
standard) 500 shp by two bal] bearings, one of which ts 


pany, however, and the 2] 
resemblance to the Turbo 








i high-speed sun gear spline 





ixial and a centrifugal compressor, a the two-stage turbine mounted in iven from the free turbine drive shaft, 


tal structure housin ; thr itionary planetary gears and a 
single-stage ixial powcr I | mary rod mic componcn : vhich is connected to the out 


turboshaft (Model 217 -5 nd ( ial compressor is machin 


two-stage gas generat 


~ + 


wy turbi n 1eet-me 


prop version i two-p! 


is required 


turboprop (-6A) versions of t ngin iinless-steel forging. The 


‘ 1 id + ] ' ry : y } ted fr 
empiov identical at Cl I I ympressor is fabricated from 


omponents. The engit hifi nly it *s and forms part of the main sl 100 rpm. on the propeller shaft 
the speed and locatio f ity ructure to which is attached the an ff power, the powe 
shaft The turboshaft eng has a 1 r fuel slinget turn at 35,000 rpm. at sea 
yutput shaft ar t wo-stage ia irbine 1 n ler standard conditions 


il 


OU0-rpm 
version a 2,100-rpm i 
iris ne anilies Static Layout 
Urive vi couphng 

. connected by a central bol Ihe static lavout of the engine 
Gas Generator Section Re gs Te er ye re heiads £ Continental's 169 turboi 


tor gine mounts are locat n 


The gas gencrator sec 1 I 4 gencra rt } py ’ 
Model 217 consists of a transor vy a thrust load ball bearing iccessory drive housing. To the rear 


compressor stage, a centr ( ympressor end and by roller if the mounts are the compressor and 
pressor, a rotating fuel distril t d it the turbine end. Both bearing ( liffuser section, combustor housing and 
turbine housing Forward of the 


gear housing is 


4 


nounts, the reduction 





upported from the accessory drive 
housing by means of four struts in the 
inlet passage 

Accessories are mounted at the waist 
of the engine on the rear face of the 
accessory housing 

The accessory drive housing also 
rves as the annular air inlet duct. This 
housing, the reduction gear diaphragms 
ind the axial compressor housing are 
magnesium castings; however, alumi- 
num mav be substituted at a 25-Ib 
weight penalty 

Ihe hot section of the engine is in- 
spected by splitting flange joints to 
expose the combustor housings, turbine 
inlet nozzles and turbine rotors 

Accessory drives driven bv the gas 
generator section of the engine include 

200-amp d.c. starter-generator, hi 
lrauli ump, oi pump, fuel pump, 


AFT-FAN version of the Continental J69 turbojet is rated at 2,600 Ib. of thrust with ru ; ind gas generator tach 


a .75 sfc. This 480-Ib. engine, now in development, is designated the Model 356-16 meter ies of spur gears from th 


main shaft are emploved to drive the 
4 . } accessory pads. A similar mechanical 
Continental J69 Aft-Fan Engines rangement drives the speed signal to 

th uc! control, the tachometer and 


Continental Aviation & Engineering Corp., in an effort to broaden its jet engine the propeller governor from th power 


line, is designing a 2,400-Ib. thrust turbojet and 2,600-Ib. and 4,000-Ib. thrust aft-fan 
engines based on the J69 gas generator. The 2,600-Ib. thrust fan engine, designated Lubrication System 
356-16, stems from the 1,700-Ib. thrust unit powering the Ryan Firebee target mnie 
missile. The 4,000-Ib. thrust aft-fan, designated 356-24, will be designed for a The Model 21 is lubricated by 
0.64 sfc. Continental feels that aft-van versions of its axial-centrifugal compressor means of a dry sump-type system which 
engines will provide an economical fan engine with just a slight increase in diameter will require an external oil tank and oil 
over axial compressor models. cooler. Estimated heat reje tion ind 
This increased diameter would make the engines most suitable in aft fuselage oil flow at maximum output is 650 Btu 
mountings. The engines, now in the preliminary design stages, await specific mili per min. at an oil flow of 7.5 gpm The 
turboprop engine mcorporates the same 


tary or comme}rc ial requirements pror to final development 
lubrication system with the addition of 


turbine 
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MOCKUP shows the turboprop Model 217-6A as it would appear with propel 


Phree-bladed prop and spinner mockup was produced by Hartzell Propeller, In 


jucm tcT nd 
Iy-controlled propeller 
f the engin 
lriven fuel pump 
fuel control and 


ginc, powc! 


ot the 


the 


power turbit 


collective » 


varied bi 
to mamntain 
the pil 


settings 


nstant turbu pce 18 


| 
hang pitch 


Single Power Lever 
\ single power Ik 


On the turbopr ip, powcr output is 
mtrolled 
" speed 
The fi 
by the propeller gove 
Thu both 
els are 
Ah 
tion ct 
ylot, wall 


In regard to 


vcr is cmploved 
stablishing ¢ a 
( IDMISnNINZ Bas Zener 


turbine speed is controlled 
ThotT 

power and prop control 
quired 

tt air bleed from the compressor 
ited manually by the 
ifford engine inlet anti-icing 
growth potential, Conti 
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Hughes Helicopter 
Crashes During Test 
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Another 


electromechanical 


problem solved by 
AiResearch 


This ram air scoop is another 
example of AiResearch’s ability to 
design and integrate structural and 
electromechanical systems for con- 
trol functions. 

Through its use, air is provided 
for emergency cabin pressurization 
and the cooling of electronic com- 
ponents. The unit is composed of a 
retractable aluminum ram air 
scoop, extended and withdrawn by 
a 400 cycle rotary actuator, a self- 
contained 350 watt heating element 
and an integral check valve. 

The most experienced company 
in the development and production 
of control systems for airborne and 
ground use, AiResearch has the 
ideal facilities and know-how to 
handle problems concerning elec- 
tromechanical systems and com- 
ponents of all types for aircraft, 
ground handling, ground support 
and missile systems. 


OTHER ELECTROMECHANICAL 
COMPONENTS AND SYSTEMS 


AC and DC Motors, Generators and 
Controls + Static Inverters and Con- 
verters * Linear and Rotary Actuators - 
Power Servos * Hoists * Temperature 
and Positioning Controls * Sensors * 
Programmers * Missile Launchers - 
Radar Positioners * Power Supplies - 
Williamsgrip Connectors 


Your inquiries are invited. 


a & panied 


AiResearch Manufacturing Division 


Los Angeles 45, California 








AIRESEARCH 400 cycle ac 
Freon ground air conditioners 
are the most reliable and 
compact systems produced 
for ground cooling 
applications. They are easily 
transportable by helicopter 
or ground vehicle to any 
Trailer mounted : field location. 
EPRUnTER Gee, cone eapaany The compact, fully automatic 
unit shown at left, for 
example, measures 5x5x2 ft, 
weighs only 550 Ib and 
provides 7% to 10 tons of 
cooling on a 125°F day. 
It also provides 90,000 Bru 
per hour heating. 
The heart of the system is a 
simple centrifugal Freon 
compressor which has only 
one moving part. 
A hermetically sealed unit, 
it operates virtually without 
vibration and is unaffected 
by either attitude or oil level. 
Essentially the same 
AiResearch air conditioning 
system used in today’s jet 
airliners, these lightweight 
units have more than 
500,000 hours of proven 
dependability 
Built to withstand rough 
handling in the field and 
operate dependably 
under the most severe weather 


Helicopter transportable hut 
conditions, rugged air 


refrigeration unit, 
1% tons capacity conditioners of this same 


basic design are available, or 
Ze can be built to provide 
i from fractional tonnage up to 
any capacity of ground 
cooling desired. 
¢ A brochure describing 
AiResearch ground air 
conditioning systems may be 
: obtained by writing to 
Inflatable shelter refrigeration Environmental Controls 


unit, 74 tons capacity ar 
niitioos above) Project, Los Angeles Division. 


THe (-7.\-1 132) CORPORATION 
AiResearch Manufacturing Divisions 


Los Angeles 45, California + Phoenix, Arizona 
AIRCRAFT, MISSILE. SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 


Systems and Components for: 





PORTABLE system reduces noise levels of jet 


Suppressor Cuts Jet Ru 


The xh 


iccommoda 


Portable jet ust 
system consisting of noise control units 
for jct ntake and exhaust which 
will reduce noise levels 10 to 25 decibels 
at distances of 250 ft. are now availabk cleme rm 
from General Acoustics Corp., Los An i 
for tic or foreign airfields 

intake of 
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Manufacturer is General Acoustics Corp. 


= 


5 db. at 250-ft 
yunts Or ramp fittings can be used for 
down 
Che company also is studying projects 
olving high-intensity noise produced 
ing missile and space vehicle launch 
from surface and silo-type facilities 
tecl augment Sound and thermal indicate 
iat many potential malfunctions ar 
oduced during launchings. Structural 
lures from fatigue and the 
cts of high-intensity noise levels in 
ind space programs are being 
icdlied General Acoustics 
Knowledge gained from noise surveys 
field testing is being applied by 
to future systems for 
engines and other power- 
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USAF F-105s Fly Florida-California Under Automatic Control 


Iwo USAF-Republic F-105 fighter-bombers are shown makin 
handling the controls only during takeoff and landing. The F 
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n Florida to California, with the pilots 


g remote controlled 
00-mi. legs in 34 hr. 


105s completed cac! 








Electronic module being inserted into reactor beam port for irradiation. 


UNIVERSITY-INDUSTRY COOPERATION The Bendix Systems Division 
is developing electronic equipment that resists damage from nuclear radia- 
tion. This program is being carried out with the aid of experiments conducted 
in the nuclear reactor of our next-door neighbor, The University of Michigan. 
Bendix staff members also participate in the University’s teaching program, 
while faculty members play important roles in Bendix projects. In addition, 
nearly one out of every three Bendix engineers is taking advanced work at the 
University. This university-industry cooperation offers new kinds of career 
opportunities for better engineers and scientists at Ann Arbor. 


BENDIX SYSTEMS DIVISION "Bendy 


ANN ARBOR, MICHIGAN 








BS 75 Turbofan Testing Program Detailed 


By John Tunstall 


London—Bristol-Siddeley plans to be- 
gin bench-testing its BS 75 turbofan 
engine in January, 1962, and to offer 
the 7,550-lb.-thrust powerplant for in- 
stallation 12 months later, a timetable 
that keeps development of the engine 
well ahead of development of the two 
airframes it has been selected to power. 

When the turbofan is installed on 
the BAC P. 107 (AW July 18, p. 41) 
and Avro 771 (AW Sept. 5, p. 43) 
medium-range transports, it will in- 
corporate an annular vaporizing combus- 
tion system instead of the original can- 
nular design. The change resulted from 
operational comparisons of the Olym- 
pus and Sapphire turbojets—both rela- 
tively high-pressure engines. 

In outlining new details of its BS 75 
design and test program for Aviation 
Weex, Bristol-Siddeley feported that 
basic type-testing of the engine should 
take place about December, 1963. Full 
certification should follow in carly 1964, 
far in advance of the deadline set by 
the two airframe manufacturers. 


Overhaul Costs 


Bristol is offering to guarantee max- 
imum overhaul costs for the first two 
years of operation. The guarantee in- 
cludes cost of premature parts replace- 
ment and modifications and covers cost 
of overhaul manhours in excess of 700 

Guaranteed minimum lives even for 
the hot parts is to be 2,000 hr. For all 
other major components it is to be 
4,000 hr 

Bristol says this is the first time such 
comprehensive overhaul guarantees 
have been offered by the company on 
in engine entering civil service without 
iny military application or government 
1id 

This commercial policy is believed to 
be in line with proposals for the only 
other radically new engine similarly 
guaranteed—the Rolls-Royce RB 141. 


Access to the Sapphire annular com- 
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EFFECT of nacelle drag on cruise specific 
fuel consumption is shown. 
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TAKEOFF noise of a BAC 107 powered by two BS 75 ducted fan engines is shown above. 
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BRISTOL Siddeley BS 75 ducted fan 


bustion data has proved on 
mediate benefits of the merger 
the former Armstrong Siddel 
Co., makers of the Sapphire, 
tol Aero Engines, Ltd. Virt 
British turbojets other than th 
Armstrong Siddeley used the 
system. 


Orderly Flow Pattern 


Main advantage Bristol Sidd 
in the annular geometry stems f 
more orderly flow pattern thr 
system which prolongs its life 
ber of premature cannular fail 
two important British turbojet 
cates that the annular system i 
beneficial on engines with h 
pression ratios. 

Bristol Siddeley emphasizes 
though it will enjoy the superi 
acteristics of an engine design« 
ploit the turbofan configuration 
* able to utilize extensively, an 
out much scaling, the major 1 
compressor elements proven in « 
gas turbines. 

In respect of size, number « 
stress and temperature paramet 
turbines of the BS 75 are 


‘ 











gine is illustrated above. 


similar to the Proteus 705 turboprop. 
The same manufacturing and quality 
control techniques will be utilized. 
Turbine blades and stators will be of 
vacuum-cast cobalt alloy, a specification 
introduced advantagecusly in the later 
marks of Proteus engine. 

Main difference between the turbines 
irises mainly because of the higher pres- 
sure ratio used in the BS 75. Conse- 
quently its first stages have a smaller 
blade height than the Proteus stages 
and the last stages a greater blade height 
giving the BS 75 annulus a higher flair 
angle. 

As blade stress depends on the speed 
(rpm.) squared multiplied by the area 
of the annulus and blade taper, optimi- 
zation of blade taper has enabled the 
selection of rpm. and annulus area to 
maintain stresses at Proteus levels. 


Fan Stages 

The fan stages are aerodynamically 
similar to the first three compressor 
stages of the Olympus Mk.201 al-' 
though scaled down in recognition of 
the lower air mass flow of the BS 75 
which is 20% less than the Olympus. 

The compressor of the BS 75 retains 
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DIMAZINE 


(unsym-Dimethy!hydrazine, UDMH) 


storable high-energy fuel 


Ks? A, 
Pre . ‘ 
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assures virtually unlimited trouble-free storage 
in hermetically-sealed tankage! 


DIMAZINE® PROVIDES OUTSTANDING STABILITY AND STORABILITY... 


Excellent freezing point (below minus 70°F) 


Wide liquid range, over most useful 


temperature regime (approx 220°F spread @ 
1 atm, or more than covers entire —65 to 
+ 160°F range @ 1.5 atm) 


Moderate vapor pressure (approx 6 psic @ 
100°F, 42 @ 200, 170 @ 300) 


Outstanding thermal stability over wide 
temperature range 


Insensitive to mechanical shock under ex- 
treme test conditions 


Exceptionally inert to catalytic decom- 
position by rust, dirt, organic matter and 
other contaminants 

Unusual freedom from sludge or gum 
formation, gas-pressure rise, and assay 
change 

Non-corrosive to most metals including 
mild steel 

Excellent compatibility with appropriate 
sealing materials including fluorocarbon 
polymers, butyl elastomers, polyethylene 


PLUS THESE IMPORTANT OTHER ADVANTAGES - 

Outstanding all-round performance @ Ease of handling @ Simplified equipment design 
and conversion from other fuels @ Extensive background of testing and operational 
experience @ Rapidly expandable production to meet large-scale requirements 

Work 


Putting tfdeas to 


FOOD MACHINERY AND CHEMICAL CORPORATION 
Chior-Alkali Division 


Generai Sates Offices: 
161 E€. 42nd STREET, NEW YORK 17 








U. S. Exports of Aircraft, Parts, Accessories 





Cumulative tota! 
August 1960 45 -Augus! 
1 


Value Valu 
Number $1,000) | $1,000 





Aircraft used and rebuilt 
Aircraft components, parts, and accessories, nec’. 


Commercial and civilian aircraft, new, n.0.c. (all empty airframe 


Aircraft engines, reciprocating, new air-cooled under 400 hp | 


97,282 935,822 


46,642 373,381 














Trade Division, Bureau of the Census. 
Nicene engines, tae ais tp. and over vo lactated to “fivivaft compenacta, parte, end essssserien 








most features of the seven-stage com- 
pressor of the Orpheus turbojet. But in 
the interests of efficiency the stage load 
factor has been lowered and three ad- 
ditional stages added, making the com 
pression ratio 7:1 as against the 5:1 of 
the Orpheus 

Fundamentally useful in the develop- 
ment of the BS 75 concept has been 
the Olympus program started in 1950 
using high rpm., high mass flows, low 
cycle temperatures and jet velocities and 
ulminating in the addition of the zero 
stage of the Olympus which increased 
the static rating by 20% 

Out of the BS $3 turbofan program 
which began bench test 12 months ago 
ind made its first flight in November 

AW Dec. 5, p. 33) has come confirma- 
tion of the mechanical arrangement and 
handling of large mass flows in a ducted 
fan without gearing the fan rotor. With- 
out the need to minimize the gvro- 
copic couples from the rotor system, 
Bristol Siddeley has avoided the use of 
in intermediate shaft bearing as used in 
the contrarotating fan and compressor 
shafts in the BS 53. The fan and com- 
pressor shafts in the BS 53 are entirels 
independent 

The BS 75 has the high fan ratio 
of 1.75:1. The pressure ratio across the 
fan stages is 1.85:1 and the fan 
mounted in front of the compressor 
supercharges it so that the-over-all pres 
sure ratio is 12.95:1. The engine mass 
flow is 195 Ib. per second. The fan and 
compressor rotors are each driven by 
two-stage turbines, the maximum shaft 
speed being 14,500 rpm 

Terms of the Bristol Siddeley guaran 


three 
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tees on overhaul vary with the 
ments adopted. With operator 
haul, the company will guarant 
stated figure as the maximum \ 


hour of engine parts replaced at over- 
haul, scrapped in line maintenance, and 
the cost of any mandatory modification 
issociated with safety. The cost-per- 
hour figure will be based on the total 
hours run by all engines in the opera- 
tor’s fleet. 

Alternatively the company offers a 
comprehensive overhaul service avail- 
ible either at its factory or overseas 
bases. The guarantee then takes the 
form of an agreed charge for aircraft 
hours flown by all engines in the oper- 
ator’s fleet. In this case the guarantee 
applies to all engine parts and acces- 
sores. 

Bristol Siddeley will also offer an 
verhaul-exchange service. 

When the initial two-year service ex- 
pires, the company will introduce a sub- 
stitute form 3 gs in which, should 
parts become defective prematurely, 
credits will be issued against the cost of 
replacement. 

These credits will be based on mini- 
mum warranted lives for components 
assigned on the basis of Proteus data, 
the Proteus being one of the first en- 
gines to reach 2,000 hr. between over- 
haul. Current component lives for the 

ntire Proteus compressor rotor system, 
turbine disks, last two stages of blades 
ind stators, main cases and accessory 
drives is 7,000 hr. and for the main 
bearings and the hot parts—the first 
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From the equation (x + 1) (x 
values of x by means of a qua 
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out stressing the circuit right 

is near you, 





ANSWER TO LAST WEEK'S P! 
the first velocity along b per : 
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1) (x? + 1) = 30x, find the real 
~Ladies’ Diary, 1764 


ted circuit gets the prime attention it 
ering Co. division. They have designed 
that can be swaged and soldered with- 
p off the board. A USECO Distributor 


EM: Let the length equal 15” equal b, 
nute equal c, a + b be the length for 
and let x equal the decrease of b 
equals c — a*/(a + x)* and t equals 
itations will yield the desired answer 


LITTON INDUSTRIES 
Beverly Hills, California 





Pan American 707 


Saving precious time for airlines: 
HOW ESSO DOES IT! 


All airlines see record expenditures in the jet age. time to the 


minimum by supplying the fuels, 


Turn-around time is a major factor... extra min- lubricants and service that will assure airlines 


utes on the ground may mean lost revenue for bigger dividends from their investment in jet age 


airlines. Esso is helping to cut this costly ground equipment. 


icine Re 
aT, 


To help speed turn-around, Esso pioneered Esso service crews everywhere benefit from 
safe, high-speed hydrant tueling—now in Esso’s Jet Age Training Program—most ad- 
use at many major airports worldwide. And vanced and comprehensive in the industry. 
Esso developed large-capacity mobile re- Wherever you see the Esso sign, you can de- 
fuelers with extra-fast pumping rates. pend on quick, careful and competent service. 


= 
INTERNATIONAL AVIATION PETROLEUM SERVICE a is 








two blade and stator stages and the 
flame tubes-—the life is 4,000 hr. In no 
case has an ultimate life yet been estab- 
lished. 

Bristol Siddeley proposes to start ihe 
BS 75 with 2,000 hr. warranted mini- 
mum lives for the main bearings and 
hot parts, and 4,000 hr. for all other 
major components. The company ex- 
pects to eventually treble this rating. 

The company aims to start the engine 
at 500 hr. overhaul by 1965. The 2,000 
hr. overhaul rating is anticipated after 
only a quarter of a million flight engine 
hours as against the 300,000 hi. logged 
by the Proteus. 


Engine Costs 


The line maintenance costs for the 
engine have been estimated at not more 
than five man minutes per engine hour 
and material costs of 28 cents per fleet 
engine hour. 

The rig program which has been in 
progress since June will involve separate 
testing of the compressor, fan turbine, 
turbine, combustion system and full- 
scale thrust reverser on individual rigs. 
The program will also include use as 
water analogy rig and a compressor 
entry and bypass air flow model. 

Using temperatures no higher than 
those used in the Proteus but with the 
high fan (bypass) ratio of 1.75:1 Bristol 
Siddeley has managed to drop the fuel 
consumption to 0.76 Ib. per Ib. thrust 

tr hour (typical cruise conditions of 

lach 0.75 cruise at 30,000 ft.) the 
static sea level consumption being as 
low as 0.508 Ib. per Tb. thrust per hour. 

Sea level static consumption figure 
for the engine is in fact only half that 
of the successful NATO single-spool 
turbojet Orpheus BOr.12 which has a 
comparable static thrust of 6,800 Ib. 
This engine has specific weight of 6 
Ib. thrust per pound compared with the 
BS 75 rating of 5b. thrust per pound 
and a frontal diameter of 32.4 in. com- 
pared with the 33.4 in. for the BS 75. 


BS Claims Supported 


These comparisons of a turbojet and 
an optimized turbofan tend to illus- 
trate the Bristol Siddelev claim that the 
advantages of high-ratio turbofans do 
not entail a serious weight penalty, even 
when using modest over-all pressure 
ratios and conservative cycle tempera- 
tures 

They also tend to show how small 
is the frontal area fan penalty. 

Che specific characteristics of the en- 
gine could have been substantially fur- 
ther enhanced if higher values of these 
two parameters were used. But the 
temperature was chosen in the interests 
of long life and the fact that a short- 
haul aircraft spends a relatively long 
time at the takeoff rating. The same 
fuel consumptions of the BS 75 could 


AVIATION WEEK, December 12, 1960 





| 


LOW-COST 





TURBINE, 


172-1-2 es 


TURBOSHAFT ENGINE 
(CONTINENTAL MODEL 217-5A) 


FOR 
LIGHT 
HELICOPTERS 
and 
URBOPROP 
AIRCRAFT 


v 


Continental's broad experience in the gas turbine field is being 
utilized to the maximum in the T72-T-2 program, to provide 
advanced powerplants at the lowest cost per horsepower of 
any comparable American turbines. .. . Availability and com- 
plete qualification are geared to the Army's L.O.A. program- 
ming requirements. This versatile 500 HP turboshaft engine 


and its turboprop 


»mpanion (Model 217-6A) also feature 


“designed-in" growth potential for higher performance ratings 


WRITE FOR 
DESCRIPTIVE 
BULLETIN AND 
INSTALLATION / 

OUTLINES 


with no sacrifice of low specific fuel 
consumption (0.67) and engine 
weights of only 210 and 230 Ibs. 
respectively. ... A bright future is 
forecast for the T72 and other 217 
series turbines, not only for military 
but commercial applications as well. 


12700 KERCHEVAL AVENUE, DETROIT 15, MICHIGAN 


SUBSIDIARY OF 


CONTINENTAL 


| WEST COAST SALES OFFICES: 18747 SHERMAN WAY. RESEDA, CALIFORNIA 


MOTORS CORPORATION 
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Shipments of Civilian Aircraft, Engines 





Cumulative 

1960 | totals 
Jan -Sept 

1960 








Complete aircraft, total airframe weight 


By weight of plane: 
Under 3,000 Ib. airframe weight 
3,000 tb. airframe weight and over 


By number of places: 
1- and 2- place 
3- and 5- place 
over 5-place 


By total rated horsepower, all engines: 
Under 100 hp 
100-399 hp 
400 hp. and over 


Aircraft engines: 
Reciprocating 
Gas turbine 


Aircraft engines, tota! horsepower: 
Reciprocating 
Gas turbine 


Complete aircraft 
By weight of plane: 
Under 3,000 Ib. airframe weight 
3,000 Ib. airframe weirht and over 
By number of places: 
1- and 2- ptare 
3- and £- niace 
Over ®-plare 
By total rated horsepower, all engine 
Under 100 hp 
100- 399 hp 
400 hp. and over 
Value of shipments of complete aircraft and parts, total 
Aircraft, total 


Under 3,000 ib. airframe weight 
3,000 ib. airframe weight and over 


Aircraft parts 
Value of shipments of aircraft engines and parts, total 
Aircraft engines: 
Reciprocating 
Gas turbine 
Engine parts 


Unfilled orders ‘pranes 3,000 tb. airframe weight and over 





Source: industry Division, Bureau of the Census 





D Withneld to avoid disclosing figures for individual companies 











have been approached with a lower fan 


ratio, higher over-all compression ratio, 
and a higher noise level. But Bristol 
Siddeley maintains this layout would 
have required more stages, more com- 
plexity and a weight increase 

Over-all, Bristol Siddeley insists that 
high bypass ratios approaching two to 
one show a 10% performance improve- 
ment over engines with ratios nearer 
one to one when both use the same 
cycle temperature. 


Objections 


Objections in British engine circles to 
high fan ratios were based on rapid 
increase in pod drag due to the increase 
in fan diameter. It was considered that 
with the above ratios on the order of one 
to one the increase in pod drag canceled 
the gains due to propulsion efficiency 

British pod data was initially scarce 
due to the adoption of a buried engine 
philosophy. Now more recent calcula- 
tions by Bristol Siddeley using nacelles 


of NASA—Series | cowl geometry and 
subsonic drag data for bodies of revolu- 
tion from Royal Aeronautical Society 
data sheets are claimed to demolish the 
adverse drag rise argument. Nacelle 
drag curves show substantial net gain 
with increasing fan ratio up to two to 
one 

Bristol calculations also show that 
the advantages of high ratio over lower 
ratio turbofans is maintained at part 
load and low altitudes 

From noise considerations the low 
jet velocities of the BS 75 lead to a de- 
crease of 15. perceived noise decibels 
compared with a turbojet. Air intake 
noise levels assume the same value as 
the jet representing an increase of about 
3 PN decibels. The reduction in jet 
noise of a one to one turbofan according 
to Bristol calculations, is about 10 PN 
decibels. Other engine details include 
maximum turbine entry temperature 
1,220K, maximum cruise thrust 2,530 
Ib 
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HEAD IN 
THE\CLOUDS 


FEET ON 
THE GROUND 


DOWN-TO-EARTH cost orientation 

1t Motorola begins with disciplined 
research applied to creative ideas 

und, progressively, pervades every 
stage of development, assembly, and 
final production. Ultimately it is 
reflected in lower field maintenance 
and support costs consistent with the 
desired level of reliable performance. 
This acute awareness of total cost 
versus initial cost, sharpened by more 
than thirty years of competitive 
experience and commercial success, is 
characteristic of Motorola’s complete 
military electronics capability 

in terms of systems, equipment, 

and Solid State components. 


Because of its demonstrated capability, 
Motorola is engaged in many complex and 
1dvanced programs. For example: 
* Military Communication Systems & Equipment 
sta Transmission, Processing & Display Programs 
* Missile Systems, Electronics & Instrumentation 
Electronic Warfare & Countermeasures Programs 
. submarine Warfare Systems & Equipment 
* Applied Research & Development in Microelectronics 
» Advanced Radar & Sensor Developments 
lid State Developments in Materials & Devices 
Navigation Systems & Equipment 
srveiilance Systems 
More detailed information is available 
n a comprehensive brochure. 


Experienced scientific personnel seeking 
pportunities to advance in these 

fields are invited to contact the Motorola 
ffice in the location of their choice. 


CHICAGO 5! ILLINOIS 
1450 NORTH CICERO AVENUE 


Military Electronics Division 8201 EAST MCDOWELL ROAD 
RIVERSIDE, CALIFORNIA 
8330 INDIANA AVENUE 
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The 88 windows of the new Convair 880 jet airliner are triple-glazed with Puexictas acrylic plastic. Two of the three panels in each window 
are stretched Piexicias 55, permanently bonded together to form the outer section; the third, inner, panel is transparent grey Puexictas II. 


PLEXIGLAS 


...aviation’s standard Bini 


COMPANY 


transparent plastic 


In Canada: Rohm & Haas Company of Canada, Lid., West 
Hill, Ontario 


Prexictas is a trademark, Reg. U.S. Pat, Off. and in principal 


countries in the Western Hemisphere, 


“WHERE THERE'S PROGRESS, THERE'S PLEXIGLAS” 
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MANAGEMENT 


. T originally set under the initial optional 

Texas Aerospace Companies Urged | piin'he sia : 
F Ling stated that he thought that the 
: local industries, acting as a bloc, could 
To Form Bloc to Gain Contracts fears ii'atc alin ia boone by 
doing a better job collectively of edu- 

Dallas, Tex.—Aviation companies in Morale has suffered becau cating their customers in the services 
the Dallas-Ft. Worth area should form sening of confidence in their « and government of their capabilities 
a bloc for the purpose of developing and —_ futures than they can individually and that by 
retaining a greater portion of aerospace Stock option plans, which h providing them with a picture of the 
business volume in this community, ac- a useful tool in retaining key p el, team capabilities of the area present a 
cording to Ling-Temco Electronics have lost much of their valu stronger case for obtaining more busi- 
President James J. Ling. stocks have declined below | ilu ness. 

The bloc should utilize the talent 
ivailable locally in forming teams to bid 
on aerospace contracts, rather than seek 
alliances with firms outside the state. 
It should also attempt to retain a larger 
volume of subcontracting in the com- 
munity and it should increase its politi- 
cal efforts in an attempt to bring a 
greater share of defense business to | \\ 
Texas, Ling stated 

It appears, he told members of the 
Texas section of the Institute of the 
Aeronautical Sciences, that Texas cer- 
tainly has not gotten the acrospace 
business it could have gotten, in the 
past few vears, and in the final analysis 
this seems to mean that some people 
in other parts of the U.S. have been 











using political pressure more effectively 
than the people of Texas. ‘\ 


' be 
Ling stated that the future of the | : ‘ 
acrospace industry appeared “very | ee 
cloudy” and that this atmosphere has \ ae 


caused investment bankers to consider 

that the industry is in a period of ; \ F 

financial crisis \ \ ae 
Pointing up the local situation, he \ ~S ee 

noted that in the past two years the air- 

craft industry in the Dallas-Ft. Worth 

area has suffered heavily as a result of 

cutbacks due to transition from air- 

frame to space development and budget 

restrictions 
In 1958, employment at Chance | 

Vought and Temco totaled about 24,-_ | : 

000. In 1960 it declined to 13,000. | " cP-3-VS 
Chance Vought-Temco defense back- 

logs were approximately $778 million 

in 1958 but these slid to about $275 

million in 1960 and sales of these com- 

panies have gone down from approxi- 

mately $452 million in 1958 to $260 

million in 1960. 1y perfect MIG welds on aluminum 
An important effect of these declines flown | are the routine result with the New Mili 

has been pressures on management by ¢ and vonage adjustment eve ' 

members of their boards allied with ator |S ssa oe oes 

other industries to set the companies in ae ot eo... 

new directions to offset these losses. In the ia slats iications a 

many cases management has to devote ae ; a aii aeat oromot!y 

considerable effort that could have been a =~ 

expended in solving its problems to 

fighting off what it considered ill-ad- TT 

vised moves, Ling noted. smi G@ Ph ELECTRIC MANUFACTURIN 
Effect on key personnel has also been E 

harmful, he added. Distribuleeemeeee wanedin Lig 
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In early 1960, American craft pierced the North Pole in two elements. Fathoms below solid ice, the USS Sargo 


probed unerringly to “90 North’’: hiles above, a GAM-77 missile on a B-52 pinpointed the featureless goal. Both 


used Inertial Navigation systems by Autonetics — where today’s results pave the way for tomorrow's breakthroughs 


Electromechanical Systems by A u t te) n et 5 Cc Ss A, Division of North American Aviation 
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Senior Officers Cut 

" ~ © 
From Flying Status 

Washington—Navy has put all its 
pilot-admirals on non- flying status and 
Air Force has excused 237 of its 312 
pilot-generals from meeting flight pro- 
ficiency requirements in moves designed 
to counter congressional displeasure 
with the number of senior pr on 
flight status. 

These moves also help the services 
to meet pilot quota cuts o:dered by 
Congress. Senior Air Force officer 
affected is Chief of Staff Gen. Thomas 
D. White. The 237 officers in this 
category, all with more than 20 years 
as pilots and over 45 years old, will 
continue to draw flight pay. 

Navy interpreted congressional intent 
as calling for a cut in proficiency flying 
by senior officers and put all 94 of its 
pilot-admirals on non-flying status be- 
tween January and June. Of 798 pilot 
captains, the Navy already has a sub- 
stantial number in the non-flying cate- 
gory, and by June 30, about 450 will 
have been excused from flying. 

Air Force wil have 118 generals re- 
maining on full proficiency flying status 
after June 30. By the beginning of 
Fiscal 1962, there will be 5 colonels 
excused from the requirement, while 
2,660 will remain in full flight status 

Navy faces a pilot shortage with two 
additional aircraft carriers operating in 
the flect in an alert ordered last summer 
in the face of the congressional cuts 
Active duty requests are being accepted 
from reserve ensigns, lieutenants (jg) 
ind lieutenants. Ceiling imposed by 
Congress and apportioned by the De- 
partment of Defense will be reached by 
removing from flying status command- 
ers and lieutenant commanders who 
have been passed over for promotion 
twice 

Army, with only nine generals in 
6,500 pilots and with proportionately 
fewer colonels and lieutenant colonels 
than the other flying services, is in a 
quandary on how to make its cut 

In a smaller wav, the Coast Guard 
has a pilot shortage. Coast Guard off 
cials say they need 30 more pilots in this 
fiscal vear to replace reserves who have 
retired. Pilots in the first two pay grades 
returning to inactive duty from other 
services are being offered regular com- 
missions in the Coast Guard, and sev- 
eral are reported to have accepted. A 
requirement for about 20 pilots a year 
will exist for three or four vears. 

Air Force is paring pilot lists in lower 
ranks by removing pilots from flight 
status who were selected by a genera! 
board which finished its work Nov. 1. 
A list of 3,799 was prepared, and from 
this list cuts will be made to get under 
the ceiling set by the Department of 
Defense. 
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Living metal” bellows function to the nth degree ! 


You name the degree of temperature 


to be met... in frictioz rtured nose-cone 


or near-absolute testing chamber. 


You name the rigor stresses to be encoun- 
tered ... the severe pressures or corrosive atmospheres. 


You name the proble and our engineers will 
deliver a “living meta ellows assembly that answers it! 


Custom-designed and manufactured by the company 
that invented the seamless metal bellows, Robertshaw 
Sylphon® Bellows are lable in a wide variety of metals, 
according to the properties desired . .. brass, phosphor 
bronze, beryllium copper, monel, A-286 stainless steel, 
inconel, inconel-X and now in Ni-Span-C. 

Robertshaw Bellows Assemblies may be the answer to 
many of your problems and we think you'll find a world 
of information and suggestions in our comprehensive Cata- 
log RA-R. Why not write for it today? 


e+. 
** . 
*. So 


Robertshaw-Fulton Controls Co. 
FULTON SYLPHON DIVISION, KNOXVILLE 1, TENNESSEE 
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Aerojet General's restartable Ablestar upper stage uses three titanium pressure 
bottles for a weight-savings of 60 pounds. The nozzle extension is also titanium. 


How! Titanium | i pressure bottles 
reduce saieaie weight 


Trend based on metal’s high performance, fabricability 
and immediate availability suggests retrofit applications 


The swing to light-weight, high-strength titanium metal 
for pressure bottles in the current generation of liquid- 
fueled missiles provides conclusive proof of the design 
advantages and reliability inherent in titanium construc- 
tion. (See box score) 


This state-of-the-art report, prepared by Titanium 
Metals Corporation of America, outlines performance, 
price and fabrication histories of the Ti-6A1-4V grade 
as attested to by those who know the metal best—the 
firms that realize its benefits most. 


Titanium’s performance history may thus chart a 
path to important weight reductions in space probes, 
as well as in orbital vehicles and manned missiles. 
Titanium pressure bottles are now solving weight and 
reliability problems in complex pressurization, restart, 
actuation and stabilization devices. 


Suggested also by this trend are a number of retrofit 
applications of titanium pressure bottles in aircraft... 





cockpit pressurization, ejection, and other pneumatically 
controlled and actuated systems 


HIGH STRENGTH-TO-WEIGHT RATIO The metal’s most 
important attribute can be summed up in a few words 

.titanium is 44% lighter than steel at the same 
strength. In addition it has 


RELIABILITY AT CRYOGENIC TEMPERATURES Unlike 
many metals, titanium retains good mechanical prop- 
erties as the temperature drops. Titanium pressure 
bottles have shown high strength, ductility, impact 
resistance and low notch sensitivity at temperatures 
below minus 300F and working pressures up 9,000 psig 
There is no evidence of a single failure in service. 


MECHANICAL PROPERTIES According to Mr. Abe Hur- 
lich, Supervisor, Materials Research Group, Convair- 
Astronautics Div., General Dynamics Corp., Ti-6A1-4V 
vessels display the following mechanical properties (note 
especially retention of ductility) : 








Hee eee ee RD ND SD RD ND ND EP LED a 


BOX SCORE ON TITANIUM PRESSURE BOTTLES 
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60 pounds saved in Ablestar First successful rocket 
engine to be restarted in space uses three spherical titanium 
pressure bottles to hold helium at 4,350 psig for the pres- 
sure feed system. According to Aerojet Spacecraft Division, 
Acrojet General Corporation, designers and builders of 
Ablestar, the titanium (Ti-6A1-4V) pressure bottles saved 
a total of 60 pounds over steel. 


Titan losing 150 pounds Martin Company reports that 
it is in the process of switching from aluminum to titanium 
(Ti-6A1-4V) bottles and is saving 150 pounds in each 
missile! Four spherical bottles, containing helium, furnish 
pressure for fuel and LOX systems. Two are used in each 
stage and are contained inside the LOX tank. In addition 
to high strength-to-weight ratio and cryogenic properties, 
Martin listed the “availability” of titanium pressure bottles 
as a factor in the change. 


High performance dictates titanium in Agena Lock- 
heed Aircraft Corporation reports that titanium's high per- 
formance, as well as its light weight, was important in the 
choice of Ti-6A1-4V alloy for spherical helium pressure 
bottles used in Agena “A”, satellite for the “Discoverer” 


Mechanical properties: Ti-6A1-4V pressure vessels 


TEST TEMPERATURE 
70 F minus 320 F 


Yield strength 
(0.2% offset) 
Tensile strength 
Elongation 
Reduction in area 
V-Notch Charpy 
impact energy* 


229,000 psi 
236,000 psi 
11% 


36% 


137,000 psi 
156,000 psi 
16% 


52% 








17.5 ft-lb 10.0 ft-lb 


*Double width, half-thickness specimen with one-half 
the standard depth notch. 


CORROSION RESISTANCE Titanium’s well-known resist- 
ance to corrosion is another reason for the metal’s grow- 
ing history of reliability under extreme environmental 
conditions. 


FABRICABILITY—WHAT THE FABRICATORS SAY Most 
current pressure bottles are being made of Ti-6A1-4V, 
an alloy heat-treatable to 160,000 psi minimum (on a 
strength/ weight basis, this is equal to steel at 280,000 to 
300,000 psi). Construction usually consists of hemis- 
pherical forgings machined to precise contours, girth 
welded and heat treated. 

Here are reports from fabricators who helped de- 
velop the titanium pressure bottle. 


Airite Division of the Electrada Corporation, Los 
Angeles, California, says, “Titanium can be forged and 
machined as accurately as steel, We are easily obtaining 
surface finish of 100 microinches and holding contour 
and wall thickness to plus or minus 0.005 inches.” 


Menasco Manufacturing, Burbank, California, reports, 
“We prefer to use it. Titanium is now as reliable as any 
other metal and has probably a lower rate of reject. 
After good fabrication procedures are established, old 
wive's tales are soon dispelled.” 


AVAILABILITY AND LOWERING COST The development 
phase for titanium pressure bottles is now over. Fabri- 
cators are producing them on a production line basis. 
The titanium industry can easily produce the Ti-6A1-4V 
grade required for the solid and liquid fueled programs 
in design or development, with capacity now in place. 


iverage of 8 pounds per bottle were saved, 

ckheed engineers. From three to five bottles, 
program, are used as reservoirs for the 
jets in the stabilizing system. 


program. An 
according to L« 
depending or 
cold gas react 


325 pounds saved in X-15 Four Ti-6A1-4V titanium 
bottles that helium at 3,800 psig are used in the X-15 
“manned mi for a weight-savings of 325 pounds over 
the origina! Inconel X bottles. A 96” x14” cylindrical bottle 
operating at OF, pressure feeds LOX and ammonia to 
the engine through a reducing valve. Three spherical bottles 
pressure-fe2d hydrogen peroxide to the engine, pneumati- 
cally control propellant system valves, and purge the engine 
for restarts 


Pioneered on Atlas; saves 129 pounds per bottle 
The titanium pressure bottle was developed to a practical 
reality on Convair-Astronautics’ Atlas. The original stain- 
less steel sphere weighed 205 pounds. The Ti-6A1-4V titan- 
ium sphere, heat-treated to 160,000 psi, weighs 75 pounds! 
Design burst ; ure is 5,000 psig at ambient temperature. 
Actual burst pressures at —320F have been consistently at 
9,000 psig and higher 


Lead-times are generally short, with TMCA warehous- 
ing large stocks of the alloy in Toronto, Ohio and Los 
Angeles for 24-hour shipment. 

Prices of the Ti-6A1-4V grade and fabrication costs 
have diminished steadily: Metal costs have declined 
62.4% since 1955; unit price of the titanium pres- 
sure vessels employed in the Atlas has dropped 30% 
since their first use; a rocket case fabricator recently 
quoted the steel-titanium price differential at 15%, 
with the titanium case weighing about 40% less than 
the steel version 

With materials and fabrication costs amounting to 
only 13° f the total price of any missile system, 
designers are growing reluctant to concede quality in 
the actual hicle. Titanium, accordingly, suggests 
serious consideration today. 


HOW TO USE TMCA INFORMATION RESOURCES If you 
are now fighting a weight bogey on an assembly that 
requires str ral strength at temperatures between 
minus 320] plus 1,000F, while retaining corrosion 
immunity you need information on titanium 
fabrication ssiles applications . . . competent fabri- 
cators...a to TMCA’s Technical Service Depart- 
ment would ably go a long way to solving your 
problems. W t write today? 


TIMET > 


TITANIUM METALS 
CORPORATION OF AMERICA 
233 Broadway, New York 7,N.Y. 


ALES OFFICES: NEW YORK 
CAGO * DALLAS © LOS ANGELES 
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Beech Packages Dealer Sales Facilities 


T-HANGAR designed by Beech and steel companies (above) will house 10 light twin Baron 
business planes and costs about $32,221 with a 10% down payment. Below, is drawing of 


the Beech “C” facility which requires an investment of $100,000 on the part of the dealer 


Plan provides a 


structure costing about $58,500, with a down payment of 25%. 


By Erwin J. Bulban 


Wichita, Kan.—Prospective business 
raft dealers can order a complet 
nd service facility out of a catalog, 
ready-made finance plan to pa‘ 
1 in 60 to 90 days turn the 
n the business and start 
operations under a novel package 
program developed by Beech Aircraft 
Corp. Detailed package plan includes 
© Buildings, complete with furnished 
offices, customer lounge, parts stock and 
showroom 
@ New Beech demonstrator 
@ Dealer's stock of spare parts, shop 
tools, stockroom fixtures and other 
necessary equipment 
©A bnsiness plan developed by the 
factory for use as a guide in running 
ind developing the new operation, in- 
luding a five-year cost analysis 
e@ Factory services in business manage 
ment, financing, training of sales and 
service personnel, marketing analyses 
and other aids 


Package Size 


Ihe new dealer also has the choice of 
deciding what size package he wishes to 
take, depending upon the potential 
market in the area he plans to locate 
He will be able to start his new business 
with a cash investment of  cither 
$50,000, $75.000 or $100,000 

“Operation Turn Key” is based on 
the business aircraft manufacturer's 
conviction that to achieve sales goals 
reflecting the industry's growth pattern 
—which indicates a doubling of dollar 
volumes in the next five vears—will r 
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Polaris... 


Skybolt... 
W2F-1 Airborne Early Warning... 


The effectiveness of these and 
other advanced deterrent systems 
depends upon data... quickly ac- 
quired, accurately processed, and 
reliably disseminated. 








LMED, an experienced producer of 
military airborne computers and data 
processing systems, is today not only 
active in a broad range of current 
projects but is also developing 
revolutionary techniques to further 
extend man’s ‘“‘comput-abilities”’ to 
outer space: 


Polaris Submarine Fire Control Computers 
Polaris Missile Guidance Computer 
Skybolt Missile Guidance Computer 

W2F-1 Computer-Detector 

Toss Bomb Computer for F-105 


Sidewinder Missile Launch Computers 
for F-104 and F-105 


GEVIC (G-E Variable increment Computer) 
CVIC (Conditional Variable Increment 
Computer) Model CVI-27 

Thermo-piastic Wide Band Memories. 
Radiation-Tolerant TIMMS 


Whatever your computer needs... 
call on... count on... 


oe Progress /s Our Most Important 
e) GENERAL @ ELECTRIC 


Sa LIGHT MILITARY ELECTRONICS DEPARTMENT 
French Road, Utica, New York 


Contact: Product Information 














Cessna Designing Tandem Twin High Wing Aircraft 


Aviation Week artist’s conception depicts Cessna 
This conception is believed to represent an carly stage in the design. 


will show some revisions in detail as a result of continuing enginecring study 


in mid-1962 (AW Nov. 14 P 32 
prototype, scheduled to fly in January 
mounted in nose and the other in the 
encourage a rapid 


quire that 
development of 


explosive, 
increasing ¢ 


ind 


om pt 

manutacturers t 
its wn 

programs, Beech sees the mn 

creasing its present dealer 

new representative 

This is tl 


n 
the 


market 


by some 200 
the next three years 
bring the dealers closer than 
ire to the customer, and to h 
competition harder by placing fa 
it many locations where now 
Cessna Piper are 
rein. It 
locations 


ind having 
ilso places representati 


> 
rn pe ] 


some where no 
now operates but where market analysis 
indicates a definite potential exists 
Vice president-marketing Wyman 
Henry told Aviation Weex ther 
‘gold-mine” in business waiting 
to be tapped by the company 
there are places where a good vo 
Beech owner i 
outside 


1 stake in a fr 


» a 
SCTVICC 
peau 
ime of 
service to being 
handled by an 
doesn’t even have 
in the company This situation 
going to change and some of these 
fellows are going to have competition 
before Santa Claus comes around 
again,” the Beech executive said 

Turn Key was developed by Beech 
in cooperation with several major steel 
companies on design, fabrication and 
financing of the facilities with the 
goal of reducing the decision-making 
processes a new dealer would have to 
handle in getting started, freeing him 
of the necessity for getting involved in 
building and furnishing details 

Actually, the program is providing 


ypeTafror who 


inl hise 


134 


rear of the fuselage 


rable savings to de 


factory $ 
t such a 


part ipahion 

program pt 
potential of considerable busin 
construction 


Indication 


n standardized 
companies 
prices came down som 

iginal considerations as 


nvolved worked out the m 
ind economical designs 


Two Companies Selected 


I'wo steel 


sclected 


companies appar 
from the half 

» that entered bids on the fa 
Armco Steel will handle the low 
high-cost programs and Stran Steel 
buildings in 
plus the I-hangars 


" ‘ 
; 


will provide the 
medium cost range, 
that go with all of the programs 
Briefly, the packages compris 
e “A” facility, requiring a dealer inv 
ment of $50,000 This prov ice 
lear-span 100-ft. x 60-ft. building with 
60-ft. door and space for 1,000 sq. ft. of 
‘fice, customer lounge, rest room, part 
ind room. Hangar 
capable of housing two Travel Airs, tw 
Bonanzas and two Debonairs. Erected 
cost on the dealer's lot or leased land 
will be $28,160 and this can be 
financed with the steel company with 
20% down over five vears 
If expansion becomes 
40-ft. extension can be added onto th 
“A” facility, providing a 100-ft. x 100-ft 
building with 1,600 sq. ft. of office 
space. Building then will be able to 
hangar one Queen Air, two Twin 
Bonanzas, two Travel Airs, three 
Bonanzas and three Debonairs. Price 
of the addition to the basic structure is 


, 


ICCESSOTY show 


desirable, a 


Aircraft Co.'s light twin four-place high-wing aircraft, scheduled to be availabk 


It is expected that the actual 
One engine is 


The twin tail is supported on booms aft of the wing trailing edges. 


$20,000 with the same 


tine pavmen 


down payment and 
reatur 
e “B” facility, requiring a dealer invest 
$75,000. This encompasse 
100-ft. clear-span building 
1,600 sq. ft. of off space and 
18, four 
This 
m the 


in be 


nent f 
SU4T. x 
vith 

f handling one Super 
Bonanzas and four Debonairs 
facility will cost $41.648 erected 
lealer's lot or leased ground and 
l ompany for five 


ipabi 


financed with the steel « 


vears with a 25 down payment 

e“C” facility, requiring a dealer inves 
ment of $100,000, provides a 100-ft. x 
120-ft. clear-span building with 2,400 
sq. ft. of office space. It can accommo 
date one Super 18, one Queen Air, one 
I'win-Bonanza, Travel Airs, five 
ind five Debonair Erected 
$58,500 com 


7c oF 
25% down payment and 


two 
Bonanzas 


cost will be t 


with stcel 
panies taking 
ollecting the remainder over five 
In addition, Beech and the 
companies have developed two types of 
I'-hangar facilities 
e“E” facility, a 10-unit structure for 
aircraft of the Beech Model 55 Baron 
light-twin category or smaller, having 
in erected cost of $32,221 with finan 
ing of 10% down and the balance over 
hive vears 
e“F” facility, a 10-unit structure for 
aircraft of Super 18 or Queen Air size 
or smaller, which will cost $85,918 
erected and financed with a 20% down 
payment 
Buildings are colored metal, with 
white roofs and light blue walls. The 
main facilities are constructed with 
brick-stone and glass trim. Color scheme 
is part of Beech program to develop 


vears 
stec! 
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definite company identification at all 
airports where its facilities are located. 
On roofs of new facilities and on pres- 
ent stations, it is promoting painting 
of a pattern of orange-red, white and 
blue stripes to make the Beech dealer 
facility readily visible from the air. 

Prices given for these facilities are 
based on those estimated on labor costs 
and materials handling to a location in 
Topeka, Kan., and will naturally vary 
some depending upon local conditions, 
Beech points out. For example, it is 
estimated that these facilities erected in 
the New York area may cost about 19% 
higher than the par figure for the same 
installation in Topeka; in San Antonio, 
Tex., it is believed that the cost may 
be approximately 6% lower than par 

Prices also include installation of 
lighting and heating facilities. 

To complete the above packages, 
which only comprise the buildings and 
necessary utilities, the dealer can order 
from catalogs, office equipment and 
furniture, stockroom and display fix- 
tures and all standard and specialized 
shop tools and equipment needed to 
give him a completely ready-to-go plant. 
Beech estimates that the “A” facility 
dealer can completely furnish the basic 
package at a cost of approximately 
$4,100, of which $2,100 can be f- 
nanced through supply houses handling 
this equipment; the remainder, compris- 
ing specialized Beech tools would be 
purchased from the factory. 

If the “A” facility dealer also gets 
the 40-ft. addition to his plant, his 
investment to completely furnish that 
layout would cost about $4,500 of which 
approximately $2,400 can be financed 
through supply houses. “B” facility will 
require an additional investment of 
$4,500, of which $2,400 can be f- 
nanced; “‘C”’ facility will cost approxi- 
mately $7,500 to furnish completely 
of which about $3,800 can be financed 
through the various supply houses in 
these lines. National supply houses 
handling furniture, fixture and standard 
tools and equipment will furnish these 
items for a down payment of 10% and 
take the balance over 10 to 20 months, 
Beech notes 

The manufacturer provides significant 
business management backup to sup- 
port the new dealer to ensure that he 
doesn't make costly mistakes. In prepa- 
ration now is a detailed business prac- 
tices manual, compiled as a result of a 
survey of 20 Beech dealers. If the dealer 
follows this book, Beech says, he is vir- 
tually assured of developing a success- 
ful business, and so Tetailed is the 


that he should know the goals and 


is to meeting them. 
Spelled out are accounting practices, 
spare parts requirement and how this 
business should grow, income available 
from fuel sales—just about every facet 
of the operation, Constant factory mar- 


10w close he 
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ket surveys will keep him inf 


all potential business in the area 
aircraft and service. Several fact 


grams have been developed for 


and their sales and service per 
Company announced at its distr 


dealer meeting (AW Dec. 5 
that it will pay transportation 
diem expenses plus $100 week! 
costs for any dealer that send 
sonnel to the factory school 
that they have been full-tim 
salesmen and associated with t 
at least 90 days 

Of course the dealer 
pletely free in selecting his 
any chain, the company will 
area to see if the potential 
putting a dealer in to serve 

Company's dealer scouting 
includes getting potential 
from current distributors, 
local chambers of commerce, « 
good salesmen in other industr 
screening applicants who quer 
tory. 

The Beech new dealer plan 
will considerably increase ava 
port sales and service facilitic 
should go a long way to alleviat 
ous problems in storage and 
the rapidly growing business { 
do this without government 


Expanded Market 


Basically it will provide a g 
panded market for the compar 
ucts—200 additional dealer 
quire at least 200 demonstrator 
more than are being produc 
and their being active in new 
certainly should spur Beech 
yond what is now being don 

It also will widen the aven 
creased spare parts and accessor 
ness, an area the company is 
in expanding rapidly It 
reason that so much effort wa 
at the recent distributor-dealer 
on urging dealers to put grea 
on this business and they wer 
they should increase customer 
to parts and accessories, by “tal 
mystery out of them” and 
them out of the stockrooms ar 
show-room area in the office 
play them attractively and 
them 
spares and accessories sales bu 
year resulted in an increase of 
this area to around $5 milli 
vear past and the company 
for a target of $11.5 million 
segment of business in 1961] 

Indications are that Beech is 
possibilities of having merchan 
for it with its brand name 
chandising this material as pa 
over-all business. Build-up of 
representation would provide 
expanded promotion effort to 
this business. 


more 


Increased attent 


d of 
both 
pro- 


dealers 


ymnel. 
butor- 
109) 
DCT 
lary 
ner. 
ided 
rcraft 
lealer 





SELF 
LOCKING 


BOLTS 


and 
SCREWS 


LONG-LOK 





SPECIALISTS IN THE 3 C’s OF ELECTRONICS 


CABLES 


complete versatility of design plus 
extra reliability characterize 
Bendix® Cable Assemblies. Types 
include encapsulated or braided 
missile control cable, thermo- 
couple harness, fuel cell, ground 
cabling, high temperature, and 
flat. conductor cable. 


CAPACITORS 


Count on Bendix High Tempera- 
ture Capacitors for premium 
performance on missile and 
high-speed aircraft applications. 
Proved operation from —55°C., to 
+-400°C. with no voltage derating 
and low capacitance variation. 


For fast service on Cables, Capacitors, and Connectors, contact: 


Scintilla Division 


SIDNEY, NEW YORK 


CONNECTORS 


Can you use the finest electrical 
connectors in the business? Then 
try ours. Wide range of sizes and 
types available, including Pygmy’ 
Miniature, Rack and Panel, QWL, 
and MS-R, and connectors for 
special applications. 








SAFETY 





British Accident Investigation Report—Part II: 





Slush Drag Led to Elizabethan Crash 


Following is Part Il of a report to the 
British Minister of Transport on a review of 
a BEA Elizabethan accident at Munich, 
Germany. Part I was published by Avia 
rion Weex Nov. 28 (p. 103 


We now turn to the deductions from the 
iforementioned facts, all of which were de 
vated before us. It is an important prelim 
inary to this matter to recall that a snowflake 
falling in a temperature below freezing point 
is “dry;”" it ts pure ice and contains no water; 
but that if it falls into an ambient tempera 
ture above freezing poimt its minute strands 
of crystalline ice begin to melt so that th 
snowflake then contains water and is “wet.” 
Likewise if it falls on to an object itself 
ibove freezing point it commences to melt 
If a dry snowflake falls on an object itself 
below zero it does not adhere to the object 
but if a wet snowflake falls on such an ob 
ject its free water refreezes and causes it to 
adhere to the object. The binding element 
im wing icing 1s freezing water. Now the air 
temperature at Munich airport fell steadily 
from the 0.2C recorded 4 min. befor 
the last run to the 3.0C recorded at th 
time when the inspection commenced 

Unless, therefore, there was an abnormal 
variation between the temperature at the 
jirport screen and that at the point wher 
the wings came to rest, perhaps 1,500 yards 
distant, the snow falling at all times between 
the accident and the investigation must have 
been dry. Such snow falling on an aircraft 
wing coated with ice and ex hypothesi below 
rero would not adhere to the ice becaus 
there would be no free water present t 
bind the two together by freezing. The find 
of a laver of ice outboard of 
the engines covered with powdery 
which had not blended with the ice is con 
stent with that part of the wing being icc 
overed at the time of the crash. Is it alse 
onsistent with its being free from ice at 
that time? If the wing were then clean, the 
ice can only have been formed by the melt 
ing of the snow that fell thereafter, and its 
retreezing as the temperature dropped 

There are two objections to this hypo 
thesis. Firstly there is the question whether 
the wing temperature was at that time high 
enough to melt the falling snow, (which 
was only “slight snowfall” until 1850 hr.), 
bearing in mind not only the recorded tem 
peratures but also the fact that the physical 
hange from solid ice to liquid water or vice 
versa involves a heat mde: of 80 calories 
per gtam (cu.cm.) of water. If snow is 
melted by falling on a wing of a temperature 
above zero, the act of melting itself thus 
extracts heat from the wing and lowers its 
temperature, so accelerating the cooling 
which was taking place during the time in 
question, The second objection is that, ac 
cording to the evidence, the melting and 
refreezing process would not produce two 
disparate layers, one of clear ice and one 
above it of powdery snow, but would pro 


ing, therefore 
STOW 
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duce a blending between the upy 
the lower snow, or as Dr. Penn 
“some degree of adhesion” betw 
That witness said “as it is descr 
now sc. marked lack of coh 
ce layer and superimposed sn 
obviously a discontinuity in th 
tem and one feels there m 
tinuity in the history of the f 
As to the first objection 
vited to consider the 
the German report, that the 
broke out in parts of the wr 
the temperature cither of the air 
wing surface sufficiently to melt f 
Instead uggested te 
been to the German Commis 


; 


poimt 


it wa 


reopening of their inquiry wa 
the use of fire extinguishing p 
s had the cffect of 
freezing point of water. The 
cording to this submission, v 
heavily in the area behind tl 
the difference in quantity, and in 
effect on the freezing point, a 
the difference in the condition 
hind the engines and clsewh 
wings 


wing surtac 


Supporting Contention 
In support of this contention 
gave evidence of experiments wit 
of the fire extinguishing powe 
Munich airport The powder 
sodium bicarbonate and altho 
contained a wate: repellent to pr 

ing, she found that it went 
solution in water, even when m 
on to a water surface, and that t 
points of different concentrat 
tion were as follows 
Solution 

1 in 1,001 

lin | 

lin it bek 

In addition, Mrs. Thain thoug 
ice produced by the subsequent 
would be thicker than that prod 
freezing of rainwater. Her rea: 
different constituents in the pow 
crvstallize out of solution at differ 
providing, as the temperatur< 
combination of solid and liq 
which would be more viscous than t 
of water in the process of freezing a 
stand on a slightly sloping wing t 
depth than would water. Howev 
made no comparative tests of th 
of the solution while in process 
compared with that of water at 
stage. Of what may have happened 
“T visualise that this snow could 
mittent or not heavy continuou 
that the snowflakes would fall 
they came in contact with the p< 
would melt. I do not think th 
melt sufficiently quickly to enable t 
to run off, to enable the solution t 
the aircraft, and as the temperatur 


freezing point 


and 


; 


would reach a point (because you do not 
need a very high concentration to lower the 
freezing point) and somewhere between 
0 deg. and —1 deg. the majority of the ice 
would form and the thickness would depend 
on how much snow you actually trapped in 
your solution. I do not think you can be 
pecific on exactly how much snow would 
fall on how much fire extinguisher powder 

When it was suggested that her evidence 
did not account for the absence of ice 
beneath the dry snow behind the engines, 
he said “As I read the report, I visualised 
that Capt. Reichel brushed it away from 
the engine and found there was no ice, and 
I think one could mistake snow on top of a 
thick body of slush as complete snow, and 
that if one did that one would automatically 
dismiss the lot as snow, whereas in fact it 
could have been possibly slush in contact 
with the engine which he brushed off.” In 
this connection Mr. Jones had suggested that 
the area behind the engines must have been 
hot at the time of the crash, so that snow 
alighting there would melt, that the finding 
of snow lying here at 2200 hr. showed that 
it had in the intervening time passed below 
freezing point, and that at the moment of 
freezing the melted snow lying on it must 
have turned to ice. He could not understand 
why there was not at least a film of ice be- 
hind the engines under the snow 

Capt. Thain said that the fire extinguish- 
ng powder was projected from a_ portable 
ipparatus. The apparatus delivered a power- 
ful jet of powder and he saw it used to ex 
tinguish a fire under the starboard wing 
lhe fireman started to move away to a house 
which was burning, but Capt. Thain called 
him back as the fire under the starboard 
wing had reignited: “I stood there while 
the fireman put out the fire for the second 
time there is no doubt that he gave the 
tarboard engine a jolly good dousing.” He 
aw him hold the nozzle six to 10 ft. from 
the starboard engine, round which he con- 
entrated. He did not see the fireman apply 
ng powder to any other part of the star 
board side, nor sprinkling the starboard wing 
iS a precautionary measure 

We accept Mrs. Thain’s evidence as to 
the lowering of the freezing point of a solu 
tion containing the powder, and if there 
had been any evidence of a distribution of 
powder over the whole of both wings, this 
factor would explain some melting and re- 
freezing despite the prevailing temperature. 
But in our view it does not explain the 
discontinuity between the rough ice and the 
superimposed snow, nor does it explain the 
ibsence of ice behind the engines. The last 
named finding is a puzzling feature on any 
view of the matter. If any substantial part 
of the wing was heated by the engines, 
either this must have cooled very rapidly at 
1 time when no snow was falling, or there 
was inaccurate or insufficient observation 
It is here that we encounter a difficulty 
inherent in the nature of our inquiry. Our 
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function is to consider Capt. Thain’s repre- 
sentations and the German report. As al 
ready mentioned, Capt. Thain’s representa- 
tives furnished us with a great deal of the 
material which was before the German 
Commission, but they were not of course 
in a position to call Capt. Reichel or his 
assistants, whose evidence is the foundation 
of this part of the case. This evidence was 
accepted by the Germaan Cornmission, of 
which Capt. Reichel was a member, and it 
would be improper for us to speculate as to 
whether, for example, the number of spot 
checks taken was sufficient or whether the 
investigators had mistaken dense slush for 
dry snow. 

We feel at liberty 
ing of deductions set out 
report, where such cnticism is relevant, but 
it is out of the question to criticise evidence 
of witnesses we have not seen or to speculate 
on what answers they would have given to 
questions on details of their observations 
These considerations lead ws to say that we 
have insufficient information to enable us 
to decide whether or not, by reason of the 
prevailing temperatures, the ice found at 
2200 hr. could not have formed after the 
accident. 

It was further submitted to us that 5 mm 
must in any event be an overestimate since 
the snow equivalent of a maximum depth 
of only 2 mm. of water had fallen during 
the aircraft’s stay at Munich and if the 
whole of this froze on the wing it could 
produce an ice layer only fractionally deeper 
than 2 mm. Furthermore some of the pre 
cipitation had been seen running off the 
wing by witnesses. This is in our view a 
convincing point: we discuss below how far 

s+takeoff conditions can have permitted 
age formation, and we think it true to say 
gat if the post-accident ice was 5 mm. thick 
® could not have been formed from pr 
accident precipitation, and that if it was 
@med from pre-accident precipitation it 


#uld not have been 5 mm. thick 


© criticise the reason 


n the German 


Spray Effect 
It emerged during the evidence that dur 
ng its last run the Elizabethan thr u 
clouds of spray. Mr. Black said “the 
went along t runway as if it wer 
slough” and ' ail “It ju 
hough a filying-boat was taking 
that th In ] 
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snally low fu 


added 
] ft seemed t 
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" 
melting sn lash, 
thi pray landec 
wings were at t 
tl ct pray 


he appr 
he | vould 

This point does not 
until our inquiry, and 
mental or other data to show the trajectory 


there are 1 xperi 


1 up by the whee at the 
but it seems not impossible 
wings, €x ept pet 
lipstream since the 


of spray throw 
relevant speeds 
that it should reach the 
haps in the propeller 
blades might intercept and scatter it. Ir 
considering the origin of the ice found at 
2200 hr. therefore, there is a possible source 
other than natural precipitation which in 
our view merits investigation. It was not 
investigated before us because Capt. Thain 
aoe his counsel did not wish to make a 
point of it 
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Having assembled the facts and support- 
ing evidence, we have to see whether they 
lead, as was submitted, to the conclusion 
that at the time of the last attempted takeoff 
the wings were free of ice. We see no rea 
son to doubt the eye-witnesses who saw 
melted snow running off the wings at or 
shortly after the time of refuelling. This 
points to the wings at that time being ap 
preciably above zero centigrade. The last 
person to note this was Capt. Thain and 
no one speaks of this happening after he had 
embarked, a fact consistent with our view 
that the wings were then at about zero. The 
time of Capt. Thain’s observation is not 
known but assuming it to be 1500 hr., there 
elapsed an hour between it and the final 
run, during which 20 min. was spent in 
taxiing, holding, making two abortive runs, 
and returning. During that hour the wings 
could have been at any temperatures be 
tween say +0.5C and —0.5C according to 
what local variation from screen temperature 
existed. It is impossible to assert that they 
must have been thawing or must have been 
freezing at this time. In one of the docu 
ments before us, Mr. Jones, starting with 
the assumption that the wing had cooled 
from +10C on arrival to zero in 30 min 
or less, proceeded as follows: “If the ambient 
temperature is OC and the relative humidity 
very high (ic. wet bulb temperature also 
very close to 0C) the wing when cooled to 
OC in about half an hour will remain at 
OC and there will be no further melting 
of snow as it falls and the freezing process 
if any, will be very slow indeed. The wing 
will remain wet with a maximum of 4 mm 
of water depth on it (from the half hour's 
melting although, of course, some water 
must have run off) and the subseque nt snow 
will accumulate on the ' 
equivalent to about 1 mm. of water were 
I snow falling between 1447 
half an hour after landing) and 1550. At 
1550 the snowfall became very light and at 
1600 the temperature in the meteorological 
enclosure was —0.2C and the relative hu 
midity had fallen to 91%. Slow freezing was 
then inevitabk provided the air temperature 


wing, Le. snow 


sponding to the 


the meteorological screen was typical of 
the air over the whole aerodrome 

‘When dealing with temperatures to on 
tenth of a degree, no meteorologist could 


state positively that this was so. The small 


f 
1 Preis: 


an: AM Wary. 


margin of temperature therefore makes it 
impossible to say with certainty that freezing 
was proceeding. All that seems reasonably 
certain is that there was snow on the wings 
and that beneath the snow there was a thin 
layer of water or ice. Freezing of the water 
film would cause some of the snow 
above to be held and would lead to a rough 
to the ice. It could be argued, and 
no one | think could positively contradict 
it, that the freezing of the wet film contain 
ing embedded snow occurred after the acci 
dent since the temperature continue d to fall 
after the accident.’ 

That analysis demonstrates both the theo- 
retical uncertainties of the situation and how 
crucial the prevailing meteorological condi 
tions were to the aircraft's safety. Do the 
observations of the eve-witnesses during the 
second visit to the apron help to resolve the 
uncertainties? We accept, without attaching 
great importance to, Capt. Thain’s observa 
tion of the small portion of wing he could 
see from the cockpit. We think the wit 
nesses who looked down from the termmal 
building, corroborated by the photograph, 
establish that snow was lying on the wing 
and not melting; whether there was ice 
under the snow they could not tell. It was 
submitted that the above-mentioned photo- 
graph showed some water lying under the 
starboard wing at 1550 hr. and that this 
water must have dropped from the wing 


surface 


Darkness on Ground 


We agree that the darkness on the ground, 
contrasting with the white track-marked 
snow elsewhere on the ground, is probably 
water; it lics beneath the inboard section 
of the wing, largely in the vicinity of the 
where melting of any falling snow 
ertainly take place. Whether this 
water came from this aircraft or from an 
other aircraft which, as the tracks show, had 
stood there, and whether it fell 
wing or from 


engine 
would 


previously 
from the trailing edge of the 
nity of the engine and ran into the 

scoen in the photograph it is quite 
do not think 


' 


impossible to determine. We 
the phot graph helps us in this respect 
Whether or not there was ice under the 
ind whether or not, if 
o, the snow was freezing to it and thicken 
ing the layer, depends upon a temperature 
variation within so small a compass that, in 


now on the wing 


Final Martin P5M Marlin 


Final Martin P5M-2 Marlin ASW amphibian is seen at Martin’s Baltimore plant after com- 
ing off the assembly line. P5M-2 is powered by two 3,400-hp. Wright R-3350-32W Turbo . 
Compound engines, Aircraft first flew in August, 1953. 
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the light ot the evidence ot Dr. ’enman and 
Mr. Jones, we are unable to find that the 
presence of ice is conclusively established, 
although on balance of probability we think 
it not unlikely that there was at least a thin 
film of ice present under the snow 

The German report is in substantial ac 
cord with our reasoning as regards the posi 
tion up to 1500 hr. It says, “It is true that 
in the case of the first takeoff at 1519 hr., 
at a temperature of approximately OC, the 
humidity of the air still amounted to 96% 
Cooling by evaporation will thus still have 
been slight at this juncture. Only a film of 
ice will have formed on the cooled wing, 
under the layer of snow observed.” How 
ever it goes on to say, “When the last takeoff 
was initiated, however, the air temperature 
was already —0.2C and the humidity of the 
air was 91%.” Thus there existed conditions 
which point to the fact that by the time 
the aircraft taxied out for the third takeoff 
and during the first phase of takeoff, the 
cooling by evaporation had become so highly 
effective that the wet snowy mixture turned 
into the rough sheet of ice which was ob 
served in the late evening of the same day 

We were pressed to say that the reasoning 
in the latter passage was erroncous, and Dr 
Penman was called expressly to deal with 
cooling by evaporation. We need not how- 
ever comment upon his calculations since 
we differ from the view of the German 
Commission as to what happened after 1500 
hr. because we cannot accept the proposi- 
tion, underlying their reasoning, that the air 
temperature at the wing was exactly the 
same as that at the screen. Moreover we 
think that factors other than evaporative 
cooling, such as the temperature of the up 


lifted petrol, could be at least as amearneny 


in influencing the temperature of the wing 


Critical Conditions 

It is well known to pilots that ice may 
form in critical meteorological conditions 
such as those outlined above, and it is com 
mon practice for precautions to be taken 
in such conditions. Sce for example Civil 
Aviation Information Circular No. 150 of 
1954, “The Effect of Frost, Ice and Snow 
on Aircraft Performance, Precautions before 
Takeoff,” para. 4(b)(iv) of which states that 
snow “will also be liable to freeze to the 
surface if the temperature has fallen from 
just above freezing point during the snow 
It is never safe to assume that snow, though 
apparently of the dry varicty, will be 
blown off during takeoff Particular care 
is necessary when the temperature is in the 
neighborhood of freezing point and delay 
occurs between the removal of the snow 
and takeoff.” An example of the steps 
taken in the prevailing conditions is afforded 
by the evidence of Capt. Wright. On ar 
rival he inspected the wings of his Viscount 
Asked whether this was a routine check he 
agreed but added “in those circumstances 
of temperature | would say a specific and 
special check.” He climbed on a stand 
in order to inspect his wings: he found a 
little water and melted snow and if he had 
departed then he would not have de-iced 
the wings. (He had had his de-icing equip 
ment switched on while descending through 
cloud but thought it had been switched off 
before landing.) When about an hour later 
he was ready to embark his passengers he 
inspected again; heavier snow was falling 

T he found it freezing to the wings. He 
therefore had the aircraft de-iced. 
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Ihe Viscount took off at 172 
why he regarded his first check a 
said “because of the temperatu: 
fact of the temperature dropping 
the length of time on the groun 
dark, and temperatures obviously f 
as a matter of interest with a sli 
tation forming of any frozen kind 
always do that.” He had ascert 
temperature from the Meteorol 
fice His evidence continued 

“QO. Would you regard the t 
being at or about zero as being 
in your consideration of de-icing? 

A. Yes, obviously so In relat 
first check on the wings, the amor 
cipitation, mzited snow, water, v 
consideration If there had 
sresent at that temperature ther 
save had it de-iced, but there 

it was so very little as t 
gible.” 

The German Commission had 
that similar precautionary actior 
by those responsible for the other 
taking off from Munich tha 
The report went on to say: “In th 
all the other aircraft which tool 
afternoon snow had, in fact, 
the wings and in cach case it 
removed by eivalieor of the air 
undertakings.” This refers to f 
other than the Flizabethan an 
count, namely a DC-3 ctpating 
hr., a DC-7C at 1433 hr., a 
1544 hr. and a DC-6B at 1554 
German report appears to be ina 
stating that 16 aircraft landed and | 
in the course of the afternoon 
supplied with a memorandum 
station superintendent, Munich 
that after 1300 hr. (midday GM1 
sircraft landed and the six mentic 
departed 

Capt. Thain described his act 
tail when giving evidence to us 
ing at the apron he found the 
ered with watery slush and pool 
about an inch deep Fiftecs } 
later, after completing the flight 
met Capt. Rayment and discussed t 
fall on the wings: “He told mx 
had looked at the wings and in his 
they did not need sweeping” H 
with him. Asked why he agreed 
‘l could not think of a better 
than Capt. Rayment, a senior 
BEA. He had gone out and look 
wing and he came back and told me 
done so This conversation t 


{) 


outside the Air Trafhe Control Off 


view of the aircraft. Capt. Rayment 
say how he had looked at the 
did Capt. Thain ask him, but Mr: 
was then on top of the wing 
would be a ladder in position f 
Capt. Thain said, “I think ther 
likelihood that Capt. Rayment w: 
used that ladder.” 


Running Water 


After the conversation, Capt. | 
ited the BEA office, signed the 
pers, and returned to the aircraft 


stage making the observations of wat 


ning from the wing already detailed 
Before he embarked he was apy 


by the station engineer, Mr. Black 


asked him if he required the ait 
be de-iced. Capt. Thain did not 1 
this conversation but accepted Mr: 


“Which of “of these 
Craig skills and 
services 
can help you ? 


— housing — light weight, high strength 

minum shelters, vans and trailers. 

D> s:10n5 components — telescoping antenna 
masts, transit cases, ig equipment racks. 
Systems installation — fayout and 
installation of aon systems, through 
final checkout. 

Systems packaging research — engineering design 
and development for ground support and 
electronic equipment protection. 
Complete production facilities — to handle your 
complete packaging assignment. 
A unique “aluminum -chemical research” service — 
engineering “brainpower pool” for solvin 
virtually any a in aluminum and foa' 
plastic fabrication 
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tage, with a total one-half inch take up. 
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7 W FM Food Machinery and Chemical Corporation, through its 
S yea divisional operation, offers a unique capability 
for the design and production of missile propellant 


handling equipment. 
CHEMICAL AND FMC’s chemical background covers years of research, 


development and production of toxic fuels, including 


high-strength hydrogen peroxide and Dimazine* 
MECHANICAL (UDMH). Utilizing this extensive experience, FMC’s 

Ordnance Division has developed many new processes, 

systems, and equipment for use in solving critical prob- 


EXPERIENCE lems in the handling of missile propellants; among them 
high-accuracy metering equipment, and the Bomarc 
decontamination system. 


SOLVES MISSI LE For more detailed information on these studies and 
for experienced counsel on missile fueling problems, 
contact FMC, a leading developer and producer of 


PL Sa 


For further information, write on company letter- 
head to Preliminary Design Engineering Dept., 
FMC Ordnance Division, P.U. Box 367, San Jose, 
Calif. Phone CY press 4-8124, 


Putting ideas to ee 


FOOD MACHINERY AND CHEMICAL 
ne CORPORATION 


Ordnance Division 
7106 COLEMAN AVENUE, GAN JOGE, CALIF, 





Illustrated below are some of the 
activities of FMC concerned with 
missile propellants and propellant 
handling equipment, which help 
define a few of the problems 
successfully solved by utilizing 
the combination of chemical and 
mechanical engineering talent 
available. 





(Advertisement) 


FMC’s New Liquid Propellant Metering 
System Achieves Accuracy to +0.1% 


= 


Mobile metering and contro! unit for fueling liquid propeliant missiles. 


The crucial reliability of multistage missiles is influenced by the 
accurate measurement and delivery of liquid propellant to the missile 
tanks. For example...a smal! error in fuel weight could adversely 
affect the in-flight performance of the missile, causing possible failure 
of the entire mission. 

Food Machinery and Chemica! Corporation’s Ordnance Division 
has recently developed a mobile liquid propellant metering and han- 
dling system which promises to solve many missile fueling problems. 
The advantages offered by this unique new system are many. 


Accurately measures and records the amount of fuel delivered to 
the missile tanks. Original! specifications called for a metering 
accuracy of + 0.2%. Extensive tests, recorded by precision test 
equipment, show that the system is capable of metering and de- 
livering missile propellants with far superior accuracy—to + 0.1%. 


Automatically compensates for factors influencing fueling accuracy. 
The fuel is continuously sampled and the flow corrected for 
variations in temperature and density. In addition, the fuel which 
vaporizes in the missile tanks is returned to the system, condensed, 
measured, and an equivalent amount added by the metering unit. 


Adaptable to many different missile fuels. The system is designed 
to handle such storable liquid propellants as hydrazine, nitrogen 
tetroxide, Dimazine® (UDMH) and nitric acid. 


Economical to manufacture and safe to operate. To reduce devel- 
opment, manufacturing and operating costs, the system makes 
maximum use of standard, interchangeable, and commercially 
available components. The simple and safe design eliminates 
human errors and danger to operating personnel. 


Mobile and compact. All metering, pumping and control equipment 
is mounted on a single, portable trailer. The complete unit may 
be easily transported, rapidly positioned, and provides a single 
station for the monitoring of fueling operations. 


The successful development of this mobile metering and handling 
system by the engineering staff of FMC’s Ordnance Division is 
another achievement made possible by utilizing the unique combina- 
tion of chemical and mechanical! engineering talent available at Food 
Machinery and Chemical Corporation. 
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Sea CRE er REIS: 


DESIGNED ESPECIALLY FOR MISSILE CIRCUITRY 

AND MAXIMUM RELIABILITY APPLICATIONS 

CANNON The “Golden-D"” Cannon Plugs are engineered to 

: deliver superior performance in a subminiature 

GOLDEN - t size! Supplementing our famous standard 

ps ‘ — O-Subminiature line, the “Golden-D" has these 

-_ new design features: e MONO. 

BLOC INSULATORS e PROBE. 

PROOF CLOSED-ENTRY SOCKET 

CONTACTS e LOW ENGAGE 

MENT/SEPARATION FORCES e GOLDEN CADMIUM 

SHELL FINISH e MATES WITH ANY CANNON “D” OF 

SAME SIZE AND LAYOUT. Wherever maximum reliability 
is needed in a submini- 
ature multi-contact plug—for both military 

and industrial applications —ask for the new CAN 1 
“Golden-D” ... another reason why you should con 
tact the world’s most experienced plug manufac 
turer for a// your plug requirements. The ““Golden-D” PLi) fj 
* 


is available in four types with a large variety of 
contact layouts. For further information write to 


CANNON ELECTRIC COMPANY, 3208 Humboldt St., Los Angeles 31, Calif. 





evidence which was that in reply to the 
question Capt. Thain said that he did not 
consider that the aircraft required de-icing 
at all. After embarking for the first at- 
tempted takeoff, Capt. Thain made no 
further observation of the wings from the 
cockpit. He said he had by then satisfied 
himself of the position. 

The following are his answers in this 
respect to his counsel 

6. Did you consider at that stage, just 
before the first takeoff, that there was any 
need whatever to sweep snow off the wings? 

A. It is always a possibility when you 
have got snow falling 

Q. But did you consider it necessary to 
do so? 

A. No, there was insufficient; you have 
got to have snow to sweep off 

Q. And you had addressed your mind 
to it? 

A. Absolutely, and I decided that, with 
the very very small quantity that was there, 
it was not necessdty to sweep it off 

Q. And it was actually snowing at the 
time, was it? 

A. Very lightly 

Later, before the final attempted takeoff, 
Capt. Thain again considered the question 
of snow on the wings. His observations from 
the cockpit window have been given above 
He said he discussed the matter with Capt 
Rayment, who reported secing the same con 
ditions on the port wing, and formed the 
view that there was no necessity for the 
wings to be cither swept or de-iced. By 
this time, he said, there was virtually no 
snow falling, only “a flake here or there.’ 

Capt. Thain was asked by us whether 


he had ascertained the ground (screen) tem 


perature. He could not recall having been 
told this before landing, nor making in- 
quiries about it when visiting the meteoro- 
logical office 

His evidence continued 

Q. Did you think it important to make 
ny inquiries about the temperature? 

A. I think | was aware of the fact that 
the temperature was approximately zero 

©. But in connection with any ice on 
your aircraft, that was the most critical 
temperature in the whole thermometer, was 
it not? 

A. Yes, but at the same time I was aware 
of the fact that the temperature when | 
arrived at Munich was certainly not below 
zero, but was above it 

Q. What made you think that? 

A. Perhaps by experience There was 
snow falling at the time when we arrived 
there, and the snow which was falling was 
wet snow 

Q. You are saying it was wet snow, and 
therefore you thought the thermometer was 
above zero? 

A. Yes 

Q. Did you change that view at any time 
ip to the accident? 

A. No 

Q. Did you give any thought to the pos 
sibility that it might be going below zero? 

A. I did not think it would be going be 
low zero 

Q. Why not? 

A. At that particular time it was not far 
advanced in the afternoon. ‘There was 
complete cloud cover. . I did not 
expect the temperature to fall below zero, 
or to zero.” 

Capt. Thain said he was well aware of 
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Paper-tape reader, one of two used aboard 
Courier communications satellite for 
gram sequencing and control, weighs 9 Ib. 
and contains 500 ft. of Mylar aluminum 
foil tape, enough for over one year of opera- 
tion. The reader, which provides 16 data 
channels, uses star-wheel sensors to detect 
absence or presence of holes in the 
Unit, which measures only 14 x 74 x 
was designed and produced by Tally Register 
Corp., Seattle. 
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the dangers of icing. He was fa 
Circular 150 of 1954 and with 
struction that “captains should 
absolutely certain immediately 
off that the lift and control surfac« 
aircraft are clear of snow.” H 
if he had thought that his wings | 
perature below freezing he would 
them de-iced. He agreed that on h 
visit to the apron he took no st¢ Pp 
himself about wing conditions ex 
serve from the cockpit window, an 
inside the cockpit he was not in a 
to check the outside temperatur 
by radio, which was not used 
decision before the last run, he 

Q. Is it fair to say 
gencral impression and general fee! 
than on any observation or anv 
formation about temperature? 

A. My opinion was based on 
seen of the snow melting on the 
the general feeling that I had 

Q. Yes, of course that was 
siderable time earlier, was it not? 

A. It was earlier.” He said 
about 40 min. earlier) 

Q. You did not think it right 
of that lapse of time, to ask for 
information about temperatures 
a look at your wings a bit closer t: 

A. No, I was satished when | sa 
the snow that had been on that wir 
been blown away, the aircraft did not 
any snow on it.” 

Shown the photograph referred t 
Capt. Thain agreed that it gave t 
ression of a wing covered with sn it 
oard of the propeller slipstream TEE 
of snow behind propeller and engin He 
agreed that the alteration in color the 


bye? 
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you wert 


edge of the slipstream could not be ac- 
counted for by the band of anti-corrosive 
paint. Asked what could account for the 
change of color, other than the edge of 
a covering of snow, he could offer no ex- 
planation. 

Upon the evidence it was submitted on 
Capt. Thain’s behalf that he had acted 
correctly; that every indication which he had 
pointed to a thaw; and that a captain could 
not be expected to have moment-to-moment 
reports of temperature changes. It was fur- 
ther urged upon us that the amount of ice 
which could have formed between the 
first and last departures was infinitesmal, and 
that we must consider the position of a 
captain with a great deal on his mind. Our 
opinion on this part of the matter is given 
below. 

The runway at Munich has been length- 
ened since the accident. It was then 1908 
m. long (2,087 yards). It is 200 ft. wide 
and lies at a compass bearing of 249 deg 
At the material time aircraft were landing 
and taking off from E-N-E to W-S-W. At 
its nearest point (about two-thirds of its 
length, starting from the east) it was ap- 
proximately 950 m. from the terminal 
building. The surface was concrete, slightly 
cambered. 

The only witness, so far as we are aware, 
who examined the runway from the ground 
at the time in question was Herr Bartz, 
whose evidence to the German inquiry is 
quited in extenso above. Direct evidence 
at our inquiry was given by three pilots, 
Capt. Wnght, Capt. Merrifield and Capt 
Thain 

Capt. Wright landed his BEA Viscount 
> min. before the Elizabethan’s last run. In 
fact the latter was holding at the end of 
the runway when the Viscount landed 
Capt. Wright, looking down from an eye- 
level height about 10 ft. from the ground, 
observed the ruts made by aircraft wheels 
in the snow or slush covering the first two- 
thirds of the runway and from them esti- 
mated that the depth of cover was one to 
one and a half inches. The last third was 
covered in slush with large pools of water. 
He saw distinct banks at the edge of the 
runway, as though the snow had been swept 
earlier. The snow or slush on which he 
landed had a retarding effect, so that instead 
of having to brake, as he would have had 
to do on bare concrete in calm conditions, 
he had slowed to taxiing speed by about the 
midpoint in the runway and thereafter ap- 
plied power. While taxiing he was asked 
by control to report on braking action; he 
applied~his brakes and found that “a fair 
amount of braking could be applied without 
—— any sliding.” When taking off 
again for London at 1720 hr. the Viscount 
again experienced retardation attributable 
to the slush: it was the practice to time the 
run with a stopwatch; in ordinary conditions, 
vith the aircraft lightly loaded as this was, 
the elapsed time to Vs of 106 or 107 kt 
would be about 23 sec., but to the best of 
Capt. Wright's recollection it was on this 
occasion nearer 30 sec. and the aircraft used 
about two-thirds of the runway before 
unsticking. 

On arrival at London Airport it was found 
that the nose-wheel of the Viscount had on 
the takeoff accumulated a great deal of 
slush which had turned to ice: the back of 
the oleo and the steering jacks were covered 
with a thick coating of ice, estimated as 
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varying between 2 and 5 in. in thickness 
the steering jacks had disappeared in a ball 
of ice. 

Capt. Merrifield had landed another BEA 
Viscount at Munich two days later, on 
Feb. 8, 1958. By then a thaw had set in 
and from the air the runway appeared clear 
although the grass areas of the airfield were 
still snow-covered. About half way down 
the runway this witness found a large pool 
of water 200 to 300 yards long on the 
northern side of the concrete and extending 
to the half-way mark. He landed on the 
south side to avoid the pool 


First Touchdown 

That part of Capt. Thain’s evidence 
which dealt with the runway was as fol- 
lows. “When we first touched down the 
aircraft was inclined to slide on what I 
thought to be some packed snow, it was 
slippery. When we got further down the 
runway we found that the precipitation or 
snow on the runway was rather different 
it was watery, there were some bare patches 
and the braking effect was quite saniinabis 
I reported this to the control tower.” He 
did not recollect whether a special braking 
test was carried out, as in Capt. Wright's 
case, but thought they would have braked 
in the normal way: it was Capt. Rayment 
who operated the brakes. He did not r 
member his aircraft being retarded by slush 
as the Viscount had been. He recalled noth 
ing special about the state of the runway 
On the first abortive takeoff the aircraft 
stopped and turned @pproximatcly 400 m 
from the end of the runway, and on the 
second it taxied to the end im order to re 
turn to the terminal by the perimeter path 
He did not see the banks of snow on cither 
side of the runway spoken of by Capt 
Wright, nor anything unusual in the state 
of the runway. When taxiing back after 
the second run he had difficulty in identi 
fying the edge of the perimeter -: owing 
to the snow: there were no tracks of other 
aircraft to be seen on this path, so far as 
he remembered 

We may summarize the direct evidence 
by saying that while Herr Bartz, who cxam 
ined the runway at about 1535 hr. both 
from a vehicle and on foot, gives a picture 
of a runway covered with slush of a uniform 
depth and consistency (“a jellified water 
mass approximately 4 to 3 cm. deep” 
the two pilots noted a difference in con 
dition between the casterly two-thirds and 
the westerly one-third, and one of them 
gave an estimate of the depth of the first 
part as five times greater than did Hert 
Bartz (one inch = 2.540 cm.) None of 
these witnesses observed any significant 
hange in the depth of the cover nor did 
the pilots experience any increased drag 
at any particular part of the runway. With 
these considerations in mind we proceed 
to see what light can be thrown on the 
matter by the behaviour of the aircraft on 
its third and final run 

The part of Capt. Thain’s written state 
ment dealing with this run has been repro 
duced above. In evidence he was asked 
what happened when the needle of the 
ASI reached 117 kt. and answered “The 
needle hovered at that speed; it was flicker 
ing. I waited for an increase in speed, but 
it did not come forward, and after a few 
seconds at that speed the indication fell off 
about four or five knots. It was flickering 
quite a lot. It paused at about 112 kt 


and then it fell off again to 105, flickering 
quite a lot. I thought I felt at that time 
—well, I certainly felt a lack of acceleration, 
but the thought passed through my mind 
about the accuracy of the instrument. | 
could not make up my mind. The next 
thing that happened was a cry of alarm from 
Capt. Rayment.” He had no idea how 
much runway they had used when V; was 
attained; he said the needle stayed at 117 
kt. for “several seconds” and at 112 kt. 
for one or two seconds 

While the speed was at 117 kt. Capt 
Rayment was operating the elevator trunmer 
He did not look up from the instruments 
until Capt. Rayment’s ejaculation: “When 
he uttered his cry of alarm, things hap 
a very quickly indeed. I looked up, 
nanged the throttles, and almost at the 
same time he called ‘undercarriage up.” 
He was “pretty sure” they had not then 
reached the end of the concrete. It was 
afterward ascertained that the nosewheel 
retracted but the main wheels did not. He 
was not conscious of the nosewheel retract 
ing, but “I was aware of a strange fecling of 
believing that I was airborne. We had at 
that time reached a very smooth passage.” 
At this stage the nose of the aircraft was up, 
but he had no knowledge of the aircraft's 
attitude up to the time of his colleague's 
cry. He himself did not close the throttles 


Controller Observations 


Further evidence of this attempted take- 
off is provided by the observations of the 
two air traffic controllers, Laas and Gentzsch, 
summarized above and by the tracks of 
the aircraft's wheels. The evidence of the 
tracks was given in the German report as 
follows 

“From the point at which the aircraft 
had broken through the fence its tracks 
could clearly be discerned, extending back 
to the runway The double track of the 
right side of the undercarriage could be 
followed back to the runway without diffi 
culty The left-hand wheel track was in 
terrupted in places Nowhere was there 
inv nosewheel track to be seen 

“From the end of the runway to the 
fence, in the direction of takeoff, the 
wheel tracks showed a slight swing to the 
right. Two days after the accident, when 
the snow had melted, the tracks were par 
ticularly clearly visible On the runway, 
ybout 50 m. short of the end, a skidmark 
began. It was clearly visible on the con 
crete and from the strewn sand which the 
wheels had pushed aside This mark 
showed that at this point all four wheels 
of the main undercarriage were locked 
This skidmark continued for approximately 
a further 30 m. beyond the end of the 
runway It then stopped and there re 
mained the impression of the free-running 
wheels on the grass surface. The track of 
the right-hand twin wheels was strongly 
marked; that of the left-hand wheels was 
fainter and at times interrupted The 
track of the right-hand shea was uni 
formly clear throughout the whole length 
250 m.) of the stopway as far as the 
point at which the aircraft crashed through 
the fence. The left-hand wheels had at 
times left the ground. The skidmark and 
wheel-marks were still clearly visible at the 
time of the survey of the scene of the 
accident by the Commission of Inquiry on 
30th April, 1958.” 

The track of the rear wheel was also vis 
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ible in the snow at the end of the runway 
sec the statement of the witness Meyer, 
mentioned above 

The time taken by the run can be 
gaged with accuracy from the transcript 
of the tape recording of R/T communica- 
tion between the aircraft and control, in 
conjunction with the written statement of 
Mr. G. W. Rodgers, the radio operator 
of the Elizabethan. He reported “rolling” 
as the aircraft began to move, this being 
recorded at 1603.06 hr. He heard Capt 
Rayment call “undercarriage up” and im 
mediately called control but “before I could 
do more than give the call sign the aircraft 
crashed.” The tape records this message 
as commencing at 1604.00 hr 

Relevant data is also furnished by the 
Peravia recording of the port engine per 
formance referred to above. On the record 
ing the time scale is 2 min. to about 4 in., 
so that precision as to seconds cannot be 
obtained, but Mr. Kenward, who inter 
preted it in evidence, thought he could 
certainly read it accurately to within 5 
Pa I'wo traces were recorded on the wax 
vlinder, one showing boost pressure, the 
other rpm. The boost pressure trace shows 
that from the opening of the throtth power 
was app! ed for approximately 50 sec. After 
20 to 25 sec. the recording fell from about 
99 in. to about 54, presumably from throt 
tling back, but after 10 to 15 sec. it returned 
to 59, staying at this pressure for a further 
15 sec. approximately after which it fell 
abruptly below static pressure, indicating 
that the engine was throttled right back 
remaining there until it reverted to static 
pressure is it would when the cngine 
topped The importance of the record 
lies in its corroborating Capt. Thain’s evi 
dence about throttling back during the run, 
ind in its demonstrating that the throttles 
were cut an appreciable time before the 
crash Owing to the coarseness of the scale 
it is impossible to be precise about the 
length = this time or to say at what point 
on or after the runway it occurred, but Mr 
Kenward thought it clearly corresponded to 
a point cither near the end of the runway 
or on the overrun area. This, it wil] be 
recalled, is the vicinity where the skid 
marks appeared, and as Capt. Thain neither 
closed the throttles nor braked, it is not 
unlikely that the beginning of the skid 
mark represents the point where Capt. Ray 
ment cut power as well as braked 


Airspeed Drop 

The outstanding feature of Capt. Thain’s 
evidence is his firm recollection of the 
uirspecd dropping from 117 to 112 and 
then to 105 kt. The German Commission 
rightly pointed out that “for subjective rea 
ons, statements by witnesses are subject 
to error precisely when it is a question of 
giving an account of what happened in an 
unnerving catastrophe.” Memory plays 
strange tricks with the victims of shock. We 
do not doubt, nor did the German Com 
mission, that Capt. Thain was giving his 
honest recollection, but in the circumstances 
it may not be an accurate recollection. It is 
certainly a consistent recollection: Capt 
Thain mentioned the drop in speed when 
interrogated by Capt. Reic bel two days after 
the accident, according to the transcript 
of the interview furnished to us 

It was submitted on Capt. Thain’s be- 
half that, accepting his evidence as accurate, 
the remarkable deceleration of which he 
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spoxe could only be attributed to an m- 
crease in either the depth or the density 
of the slush or both he German report 
reconciled the evidence with their view of 
what happened by attributing the drop 
in speed to the applying of the brakes by 
Capt. Rayment and by stating that the 
sequence of Capt. Thain’s account showed 
that the deceleration took place towards 
the end of the runway. We bid it difficult 
to follow this reasoning. Capt. Thain’s state 
ment appended to the German report does 
not, as it seems to us, necessarily indicate 
that there was little lapse of time between 
the deceleration and the witness looking 
up and seeing the house in front of him 
Moreover, Capt. Rayment’s cry “Christ, we 
won't make it” can only indicate that up 
to then he had been trying to make it, and 
if that is so he cannot have applied the 
brakes until at any rate the moment of 
the cry. Yet this was after the deceleration 
first to 112 kt. and secondly to 105 kt., 
according to the statement 

If Capt. Thain’s recollection has trans 
posed the order of events, it is unreliable 
and must be rejected. On the other hand 
it is honestly and consistently given and is 
entitled to consideration If it is correct, 
we cannot accept braking as the cause of 
deceleration and must look clsewhere. More 
over, even if Capt. Thain’s recollection has 
transposed the order of events we do not 
think braking can have caused the decelera 
tion of which he spoke The wheels were 
locked for 90 yards, which at 117 kt. would 
be covered in 14 se \ deceleration of 12 
kt. in this time is nearly 4g; this would be 
impossible im the conditions obtaining even 
if the wings were not lifting at all. Since 
the aircraft was at full incidence, such a 
deceleration is doubly impossible as a result 
oss in the 


of braking alone; the probablk j 

nditions obtaining would be | to 2 kt 
at the most 

The deceleration must be caused by cither 
1 diminution of power or an increase of 
drag There has never been any question 
f the former and the cause of the decelera 
ist ve been drag mecreas We 
idered possible yuses and can 
increase in the depth 
| According to Capt 
Tham } 
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above. It is also consistent 
[hain’s evidence that when th 
tion was checked at 117 kt. Ca 
ment was operating the elevator 
The question arises whether it is a 
sistent with scientific knowledg 
drag effects of slush of varying den 

At the time of the accident 
was known about slush drag 
Schlichting was driven to emp 
assumption that this drag could 
pressed as an increase in the coeff 
rolling friction, taking arbitrarily 
alternatively treble this coefficient 
calculations. Since that time, how 
yartly because of this accident 
peat known on this subject, and 
believed that slush drag increa 
speed (as indeed Dr. Schlichting 
whereas rolling friction decrea 
speed as the weight is taken on t 
One of our number, Prof. Collar 
pared a paper giving tentative 
based on data now availablk 

We attach this Appendix in 
stow that there is nothing impr 
Capt. Thain’s account, particular 
deceleration. If it is correct, it k 
conclusion that, just as Capt. Ray 
about to lift his aircraft off the 
nose-wheel came down and by t 
had lifted it off by elevator trim | 
the minimum speed (110 kt.) at 
a clean wing, he could fly off 
pretation explains the accident 
postulating wing icing, although 
it does not disprove icing, and 
ause we think this is a feasibk 
of the events that we have alrea 
that no firm conclusion as to 
drawn from the performance of th 


Lack of Evidence 


But we are far from saving 
what must have occurred. W< 
quired to ascertain the causes 
a nt and if we were §$0O requir 
be unable to d » for lack of suff 
dence The onstruction confi 
the evidence of a number of pers 
we have not secn, for examp! G 
whose statement about the run i 
rolling normally and built up 
it was about half-way along th 
the nose wheel left the ground, but 
down again after about 60-100 m 
taft continued to roll as far a 
end of the runway ; Also S 
whose evidence on wing icing 
to above, watched the run, an 
account: “During the takeoff it 
that, approximately from half-way 


+} 


runway, the pilot was trying, wit 
might, to get the aircraft off th 
and I noticed the particularly 
of attack. The nose wheel was |! 
air, the emergency tail wheel. a 
my observation, was on the 
ittitude became slightly modifh 
the takeoff process The n 
mained off the ground.” Bartz 
likewise, as to the uniformity of t 
cannot be reconciled with this 
tion. We have already indicated al 
it would be wrong to criticize pet 
have not given oral evidence befor 
would be equally indefensible t 
statements favorable to a theon 
ject others 

The German Commission saw 
nesses, or such of them as they 
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see, and rejected the view canvassed above. 
We have neither the material nor the wish 
to say they were wrong, What we can 
say, however, is that ‘theie conclusion is 
not reconcilable with Capt. Thain’s evid- 
ence. We have already given our views 
on the suggestion that the deceleration was 
vaused by braking: a further point is that 
the German Commission's reconstruction 
of the run takes the aircraft to 117 kt. at 
between 1400 and 1600 m., whereas the 
deceleration by braking, as shown by the 
skidmark commenced at 1850 m. If the air 
craft reached 117 kt. by 1600 m. it should 
have reached a higher speed by 1850 m 
unless indeed the slush drag was such as 
to render 117 kt. the maximum obtainable 
speed. Prof. Schlichting shows the aircraft 
reaching 117 kt. at 1550 m., 120 kt. at 
1650 m., and 123 kt. at 1800 m 

We may leave this part of the case by 
saying that the only evidence of decelera 
tion during the run (apart from the braking 
at the end of the runway) is that of Capt 
Thain. We have no reason to reject it, and 
it is not inconsistent with much of the 
ther evidence, including the time factor 
It is however inconsistent with some of 
the evidence, as mentioned above, and if it 
is unreliable, its unreliability is accounted 
for, without the slightest criticism of Capt 
Thain, by the effect of shock. If one dis 
urds this evidence, the aircraft attained 
V. but failed to unstick owing to icing, 
or the slush was of sufficient depth to pre 
vent V, being attained (Prof. Collar cal 
ilates that on the basis of the data given 
m Elizabethan with a clean wing would 
require the whole ruuway to attain V, if 
there were uniform watery slush of a depth 
of 0.8 in. whereas with the slush depth 
given by Bartz of 2 cm. and a clean wing 
it would achieve V, at 1300 vards); or of 
vurse there may be a combination of the 
two factors. Therefore having considered 
fully ¢ apt Thain’s representations concern 
ng the final run we are unable to make any 
iseful deduction as to either the presence 
f ice or the degrce of slush drag 


Similar Conditions 


Capt. Thain’s description of the runway 
onditions has been recorded above. He 
did not regard it as in any way unusual or 
infit for use. However, he had had no 
great experience of such conditions im the 
past; asked whether he had encountered 
similar conditions before, he said “I sup 
pose I have at one time or another 
My particular experience was probably less 
than average because I have been, since 
joining BEA, on flights operated down to 
the Mediterranean Before the outward 
journey to Belgrade he had not been to 
Munich for “five years, may be three.’ 
Prior to the final run, the Elizabethan had 
twice that afternoon taxied over the wes 
tern end of the runway, once on landing 
and once after the second run, and after 
the first run it had passed the halfway 
mark, We asked Capt. Thain some ques 
tions regarding his observations on these 
occasions 

Q. Did it occur to you on any of those 
three occasions when you were at the wes 
tern end of the runway that in the condi 
tions it was a matter of some importance 
to know what the runway was like through 
out the whole of its length? 
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A. Yes. 

Q. Did that lead you to take any special 
precautions by way of looking or gaging 
what the position was? 

A. Well, I was not concerned at all by 
the deposit of slush on the runway 

Q. Why not? 

A, It did not present a problem 

Q. Would you like to expand that an 
swer? 

A. Well, it just did not present a prob- 
lem 

Q. You felt just as happy with it as you 
would have with a dry concrete runway? 

A. I did not say that, but it did not 
strike me as a problem for taking off 

Q. Did it occur to you there might be 
differences in the depth of the snow or 
water on it? 

A. No, it did not 

After Capt. Thain had said that a cap 
tain accepted responsibility for the safety 
of his aurcraft, the evidence continued 

Q. Including considering the problem of 
whether the runway surtace is not safe 
enough to take off on? 

A. I think that, including that, ves 

Q. You accept that as something which, 
in appropriate circumstances, he should ad 
dress his mind to? 

A. Yes 

Q. Have you yourself ever gone out on 
foot or in a vehicle to mspect a runway 
urface before taking off over it? 

A. I cannot recollect having donc that 
no 

Q. Have you heard of it being done by 
other captains? 

A. In isolated rcoumstances, VCs 

Q. Does it come to you as a surprising 
tatement that other captains may do that 
nm some circumstances’ 

A. I think vou would have to be awfull 

mecerned about the state of the runway 

Q. Before you go and look at it yourself? 

A. Yes, for this reason, that there must 
be a group of airport staff whose job it i 
to service and look after the airfield, and 
they cannot just sit back and do nothing 
ibout it: one expects it to he up to a 


tain standard.” 


Throttling Back 


Capt. Thain said that he did discuss with 
Capt Ravment before the last run onc 
aspect of taking off on slush, namely 
whether if throttling back to deal with 
boost surging produced a swing, it could 
be corrected bv steering the nosewheel 
without slipping. No other aspect or run 
vay conditions was discussed, and he was 
quite satisfied. He did not think the slush 
would retard the aircraft “to anv large ex 
tent,” nor did Capt. Rayment mention 
such retardation. He had not noticed the 
retardation on landing, as Capt. Wright 
had; he thought that although he was not 
it the controls he would have noticed it if 
it had happened 

There was no evidence that the captain 
of any other aircraft departing from Munich 
that afternoon had experienced any diff 
culty with the runway or had thought it 
right to make a personal inspection of its 
surface or to take any other special steps 
Capt. Wright said that the conditions, 
though not unprecendented, were not often 
encountered and with his _lightly-loaded 
Viscount he did wot consider it necessary 
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CHARLES E. McGINNIS, B.E.E., MS.E.E.. CHIEF COMMUNICATIONS ENGINEER 


=) Why did I move to Martin-Orlando? Opportunity for 
professional growth...doing as big a job as I could handle. 
More money and better position, too. Any company that’s 
growing as fast as Martin presents many opportunities. 
You don’t outrun the company. You grow with it. If you 
have a worthwhile idea that will benefit the company, and 
you can demonstrate that it will, you get everything you 
need to put that idea into action. Martin isn’t ponderous 
... it lets you move fast and get things done. }© I head up 
a group of people responsible for getting Martin further 
into the field of communications, both related and non- 
related to missiles. We're working on tropospheric scatter 
systems, random access discreet address communication 
systems, air traffic control communications, very long 
range communications systems, applied research on 
speech bandwidth compression systems... things like 
that. }© My wife and I really like living in Florida. 
Never housebound in winter, no snow suit to put on my 


little girl every time she goes out. A great place to raise a 


family. The school system is good too. be} Write: 


C. H. Lang, Director of Employment, The Martin Company, 


Orlando 7, Florida. rox: INTUNITIES, SEE PAGES 151 AND 153 
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UNIQUE TEST 
NETWORK where 
new concepts and 
compiex electronic 

t will be 

for collecting, 
g and 





equi 

de 
handlin 
evaluating weather 
data. 


Electronic Engineers 
for new Weather Stations 


To speed the handling of weather data and further 
improve weather forecasting, three major government 
agencies are sponsoring a unique project — the development 
of an integrated, semi-automated, high-speed weather system. 

Initially, this test network will use the best existing 
equipment and methods. Basic purpose, however, will be to 
test and evaluate techniques and equipment for weather 
observation, data transmission, display, and data processing. 
Advanced electronic equipment is to be developed including 
a weather communication system many times faster than 
any currently in existence. 


Electronic Engineers with creative minds will find 
unusual challenge in one of these weather stations. Complex 
electronic equipment will constantly be under test, evaluation 
and modification. Opportunities will be exceptional for 
imaginative engineers able to contribute toequipment _ 
improvement — particularly for those capable of suggesting 
major design innovations. 


Eventually the techniques and hardware evolved will be 
incorporated in the operational national weather system. 
Thus, these current positions may well be an introduction 
to satisfying lifetime careers in an exciting new field with 
spectacular growth possibilities. 


Please send complete resume to Mr. W. J. Walsh 
at the Weather System Center. 








. 
_— 
~ 








@3 WEATHER 
SYSTEM CENTER 


UNITED AIRCRAFT CORPORATION/EAST HARTFORD, CONN, 
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to inspect the runway, as he had done on 
some occasions. 

There is little that we need add to the 
recital of the facts set out in above, as 
a preliminary to considering the third ques- 
tion put to us. The Peravia record shows 
that at the first attempt power was applied 
to the port engine for about 32 sec. and 
that it took about 14 sec. to reach full 
power. On the second attempt it took 
about 25 sec. to reach full power, cor- 
roborating Capt. Thain’s statement that the 
throttles were opened more slowly; power 
was applied for about 32 sec. On both these 
occasions the boost is recorded as reaching 
somewhere between 59 and 60 in. Mr. 
Black was so familiar with boost surging 
at Munich that on seeing the aircraft re 
turning to the tarmac, he felt sure it had 
been encountered 

Having set out the relevant facts, and 
our views on Capt. Thain’s representations 
upon disputed questions of fact, we are now 
in a position to deal with the three ques 
tions upon which we are required to give 
our opinion. The first is whether Capt 
Thain took sufficient steps to satisfy him 
self that the wings of the aircraft were 
free from ice and snow. In forming our 
views on this question, we have to bear in 
mind that our task is to consider the steps 
which Capt. Thain took up to the third 
and last attempted takeoff. Had the rele 
vant time been that of the first takeoff the 
considerations would have been different. 


Taxi Clearance 


The aircraft first asked for taxi clearance 
at 1519 hr. and at that time Capt. Thain 
had had recent experience of conditions 
outside the cockpit. He had not ascer 
tained the recorded temperature, nor him 
self inspected the upper surface of the 
wings, but he had had the report, made 
some 40 min. earlier, from Capt. Rayment, 
and he himself had seen the water running 
from the trailing edge. It may be that at 
that stage his decision not to have the 
wings swept or de-iced was correct; the deci 
sion accorded with Mr. Black's views, and 
Mr. Black had had the best opportunity 
to judge, having been upon the wings 
throughout refueling. But the time we 
have to consider is not 1519 hr. but 1556 
hr., when the Elizabethan reported ready 
to taxi for the last time. It was then at 
least 40 min. and probably longer since 
Capt. Thain had watched the thawed snow 
falling from the wing, and 78 min. since 
refueling had ceased and anyone had in- 
spected the whole upper surface of the 
wings. It was also 56 min. since the screen 
temperature had reached zero and within 4 
min, of the time when the reading was 
taken as —0.2C. Since the previous deci 
sion the aircraft had taxied to one end of 
the runway, made two runs, and taxied 
back from the other end, and, experiencing 
whatever temperature variations there might 
be in its call. aad having any evaporative 
cooling accelerated by the forced draught 
generated by its speed 

In these circumstances we have no doubt 
that Capt. Thain ought to have made a per- 
sonal inspection of the wings before reaf- 
firming the decision neither to sweep nor 
to de-ice. Inspection means obtaining a 
ladder or stand and examining the top of 
the wings, not looking at the small portion 
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visible from the cockpit. It is clear from cepts, did not absolve him from 
the answers reproduced above that Capt bility, but he was entitled to have 
Thain’s omission to take this or any other to them. The duty upon him wa 
positive step originated in his ignorance of higher than in the case of captain 
the ambient temperature, and his failure to other aircraft using the runway that 
acquaint himself with the available infor noon because of his long takeoff 
mation on this subject was, in our view, lengthened by the necessity to cor 
1 serious error, We find that he departed boost fluctuation; but, as he said 
vith some snow on his wings, in breach of ence, Munich was not a margina 
the BEA instructions; the factors making it and he would have had no reason t 
impossible for us to say, positively, on the pect that he had not enough runwa Cuartes E. McGinnis 


' 
cvidence before us whether there was ice he had possessed a knowledge of t CHIEF COMMUNICATIONS ENGINEER 


inder the snow, are factors emphasising the = effects of slush which was not the @@Did I mention that Or- 


necessity for practical examination at the ible. Furthermore, had he made a 


ane lando’s average February 


time. Capt. Thain had then far less infor tion and found the conditi 

mation that we have, and the greater the described by Bartz he would h temperature is 62 degrees 

loubt the greater the necessity for precau accepted the runway as safe, w —August average is 82 
he facts that he was unfamiliar with he noted from the ground, as he 

ich, and had no great expenence of his cockpit, a hange in the charact degrees? 9© CAREER OPPOR- 

r of the kind in question should also lush at the two-thirds poimt a TUNITIES IN FLORIDA. Partici- 

| t with caution. We think runway, h d not be expected pate in creative assignments on Army, 

y that he had a great deal on then prevailing state of knowledge of Navy and Air Force prime contracts— 

mind, in that he had been unexpectedly effects, to ha ippreciated its sis including Pershing, Bullpup. GAM-83 

nfronted with the boost surging; this is We find therefore that he did tak 

matter which may help to explain his teps to ascertain whether in tl 


’ 
actions, but it cannot affect our finding that onditions the runway was ht for ; ' a 
. openings in design, developme un- 
to the fr yuestion we must returm a the third tion vh B gn pment, tun 


Thain tool as damental and applied research, reli- 

1g the second question, neat of tee difkculs “a . ability, quality, systems test, manufac- 

whether Capt. Thain took sufficient first two attempts to tal bye turing and associated engineering 

sscertain whether or not in the con a third attempt. 1 questior areas Write C. H. Lang, Director 

prevailing at the time the runway difficulty. We have no doul t of Employment, The Martin Company, 

fit for use, we recognize that for a cap Thain acted correctly in consulting Orlando 8, Florida. SEE PAGE 149 
tain to make a personal inspection of a station engineer and that the th 

runway an extreme and infrequent action orrectly diagnosed. W think WORK IN THE CLIMATE OF ACHIEVEMENT 


+} 
ti 


and Lacrosse missiles, Missile Master 


and other electronic systems. Current 


Capt. Thain found the runway being used properly in deciding to make 
without comment by arriving and departing tempt 

sircraft, and regarded as safe by the air In conclusion, we think it right t 
port authorities; these matters, as he ac- size that while we are unable, f 








BENDIX-PACIFIC 


in Southern Ca//fornia 


needs ENGINEERS with 
DOCTORS - MASTERS- BACHELORS’ 


DEGF 
for electrical and systems work in fields of 
Missile Guidance—Instrumentation—T elemetry 
Anti-Submarine Detection Systems/Operations Research 
Military Navigation 


Advanced positions are open in our “Eagle” Missile Program in 
Electrical Engineering for the design of transistor circuits, servo- 
mechanisms, microwave electronics and data links, 


Bendix-Pacific 
5 , ~V ; Divisio 
Please send resume to W. C. WALKER re ELSTON 


ENGINEE RING EMPLOYME NT MANAGER NORTH HOLLYWOOD, CALIF 


Other High-Level Electronic hy, 


Engineering Positions Ava: 
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CAREER 

th JLiy vy Here’s your chance to build a lasting career with one of 
America’s most dynamic, fast-moving leaders 

ENGI N BERS specializing in aerodynamics, electronics and 
advanced Space technologies. Ryan's prime 


contracts call for years of research, design and development with no fast “‘phase-outs.”’ 
Close-knit teams work under outstanding leadership, with plenty of room for growth in both 
Supervisory and Project Engineering fields. You will have opportunities for advancement that 
only a pioneering company with young ideas like Ryan provides. And in Southern California 
you will enjoy the kind of year-round, outdoor living that is envied everywhere in America. 





Career Opportunities for Engineers with Experience in: 


@ ELECTRONICS: ANTENNA & MICROWAVE, SERVO AMPLIFIERS & TRANSISTORS, IFF & COMMUNICATIONS & AERODYNAM- 
ICS: STABILITY & CONTROL, PERFORMANCE, WIND TUNNEL & ANALYSIS & THERMODYNAMICS: ENGINE PERFORMANCE, 
HEAT TRANSFER, SOLID & LIQUID PROPULSION & DYNAMICS: AEROLASTICITY, FLUTTER & VIBRATION @ SYSTEM ANALYSIS: 
VEHICLE SIMULATION, AUTOPILOT, GUIDANCE @& STRESS ANALYSIS: AIRFRAME & PRELIMINARY DESIGN: SPACE VEHICLES 
@ PROJECT ENGINEERING: WEAPON SYSTEMS & COMMUNICATIONS: SYSTEM ANALYSIS & SYNTHESIS @ RELIABILITY: 
SPACE PROJECTS @ SENIOR DESIGNER: MECHANICAL & ELECTRICAL M MANAGER: FLIGHT SCIENCES @ SEND RESUME IN 
COMPLETE CONFIDENCE TO: JACK GREGG, PROFESSIONAL EMPLOYMENT, RYAN AERONAUTICAL COMPANY, 2733 HARBOR 


DRIVE, SAN DIEGO 12, CALIFORNIA F Y A N 


AERONAUTICAL COMPANY, SAN DIEGO, CALIFORNIA 
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Liquid Metal Cell 


Regenerative liquid metal fuel cell, which 
has operated continuously for as long as one 
hour, is feasibility model developed by Alli 
son Division of General Motors. Fuel cell 
is designed for use with nuclear reactor 
which would decompose liquid metals by 
heating. Metals would then recombine in 
fuel cell to produce electricity, then pass 
through reactor to be decomposed again. 





reasons given, te 
Capt Thain 
was no ict mn the 


tha 


reach a firm finding upon 
representations that ther 
wings during the final 
n and t the accident was duc solely 
to slush drag. this uncertainty does not 
iffect our answers to the questions posed in 
Had Capt. Thain 
tablished that there was no wing icing, 
ur answer to the first would 
till have been “no,” and had he estab 


lished slush drag as the sole cause of the 
} 


our terms f reterence 


question 


sircraft's behaviour, our answer to the sex 
md question would still have been “yes.” 
We therefore have to report that we have 
; nsideration to the representa- 
ons made t by and on behalf of Capt 
Thain with regard to the accident to the 
lizabethan aircraft G-ALZU at Munich 
6, 1958, that we have had regard 
report of the German Commission of 
Inquiry into the said accident, including 
that Commission's reasons for refusing to 
inquiry, and that in our 
Thain did not take sufficient 
teps to satisfy himself that the 
the aircraft were free from ice and snow 
but that in our opinion he did take suf- 
, ascertain whether or not in 
the conditions prevailing at the time th 
was fit for use and did take sufficient 
o ascertain the cause of the difficul 
first two attempts 


en full 


reopen their 
opimon Capt 
wings of 


ficient steps t 


ics encountered on the 
off before making a third attempt 
. S. Fay 
R. P. Wictey 
A. R. Corrar 
Following is a statement refering to 
the preceding report by the British re 
viewing body, submitted by British Air 
line Pilots Assn., outlining its position 
in regard to the Elizabethan accident 
and its pilot 
The British Air Line Pilots Assn. has 
received the report of the Fay Commission 
ind wishes to congratulate the members of 
the reviewing body on the scope of the 
inquiry and the clarity of the report 
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While the association accepts th 
of the Commission on the three q 


posed in the terms of reference 


sociation is scriously disturbed by t 
of affairs to which the Commissi 
draws attention 

Since the report of the German 
into the accident at Munich, the a 
has had to deal with two different 
in respect of the accident and in 
ing upon the report of the Fay ¢ 
it would like to deal with each 
problems in 
@ The technical problem. The Fa 
mission makes it plain that the 
of the German report made by t! 
tion have been justified The G 


isolation 


quiry employed ma umption 
1used slush decreased with t 
of the airplan The Fay Com 
ports that it now known 


vitiated, parth 


search | 


of the M 


letern 
fact that the Fay Commi 

le to savy with anv degr 
that th 


accident 0K rred 
f wing icing oF as a rr t 


effect of slush en when it 


; 


onsider a large amount 
available to the German authoriti 








Cuagies E. McGinnis 
CHIEF COMMUNICATIONS ENGINEER 


| @ @ Did you know that there 
jare 53 lakes within the 
| city limits of Orlando? ©® 
| CAREER OPPORTUNITIES 

FLORIDA 


signments on 


Participate in creative 
Navy ar 
| Force prime contracts — in 
Bullpup, GAM-83 and 
Missile Master 


other electronic systems, Current 


Army 


Pershing 
crosse missiles, 


| ings in design, development 

i 

mental and applied research, re 
ity, manufacturing and associat« 


Write C. H. I 
Director of Employment, The M 
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Join the 
Honeywell 


Marine Systems Group 


Challenging career opportunities 
await you at Honeywell where ex- 
citing projects such as the electri- 
cally suspended gyro, the rotor of 
which is seen here, are developed. 
Specific openings include: 


INERTIAL SYSTEMS ANALYST 


Mathematician or engineer with 
strong background in vector anal- 
ysis, operational calculus, matrix 
algebra and related techniques, to 
carry out analysis of inertial systems 
configurations including error eval- 
uation. 


DIGITAL SYSTEMS AND 
LOGIC DESIGNER 
Familiar with digital logic techni- 
ques at current state of the art; 
capable of organizing computing 
systems to perform various tasks 
including logical design and critical 

parameter specifications. 


ELECTRONIC ENGINEER 


Electrical engineering degree plus 
experience in miniaturized semi- 
conductor electronics development. 
To design servo, pickoff, and other 
electronics for use with gyros and 
accelerometers. 


ENGINEERING PHYSICIST 
Physicist with practical and theo- 
retical understanding of mechanics, 
magnetism and electricity to ana- 
lyze and develop inertial sensors of 
novel and original design. 

To discuss these or other openings, 
write Mr. James H. Burg, Technical 
Director, Dept. 834, Aeronautical 
Division, 1433 Stinson Blvd., Min- 
neapolis 13, Minn, 


Honeywell 


To explore professional opportunities in 
other Honeywell operations coast to coast, 
send your application in confidence to H. K. 
Eckstrom, Honeywell, Minneapolis 8, Minn. 
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BASIC TE: FOR MEDIA SELECTION: 


Ask anyone, 
anyone 

you re trying 

to sell in the 
aerospace market, 
what publication 
he reads and 
respects most. 


Aviation Week 


od Space Technology 


ABC PAID CIRCULATION 75,668 @: @O 


Analog Computer Lab—Raytheon 














for those who work at 


Lockheed 


Lockheed is constantly probing all 
sciences related to aircraft and 
space projects. Therefore, its pro- 
gram diversification is unusually 
broad, its opportunities for crea- 
tive men exceptional. 

Fields of endeavor cover the 
complete spectrum — from human 
engineering through celestial me- 
chanics. Consider these interesting 
areas under investigation: 

Design and development of data 
processing equipment; V/STOL 
design and development; electro- 
magnetic research in corona and 
high-altitude breakdown studies, 
surface wave generation, antenna 
vehicle interaction, millimeter 
wave radiometry; electrical instru- 
mentation; infrared and solid state 
physics; biophysics research (on 
radiation hazards coincident with 
space flight); solid state elec- 
tronics; aerothermodynamics; 
dynamics; autocontrols; and 
servosystems. 

Scientists and Engineers: If you 
qualify for work in any of these 
areas; if you want to grow with a 
company that is expanding on all 
fronts — write today to: Mr. E. W. 
Des Lauriers, Manager Profes- 
sional Placement Staff, Dept. 1112, 
2406 No. Hollywood Way, Bur- 
bank, California. 


LOCKHEED 


CALIFORNIA DIVISON 








that the cause of the accident is still not 
established 
® License aspect. On the licensing aspect 
the association submits that the Minister's 
powers to withhold renewal of a pilot's 
license should be exercised to maintain the 
level of safety. When the renewal of a 
pilot's license is impeded subsequent to an 
accident it is important that the cause of 
the accident be established accurately 

Even an inadequate inquiry may lead to 
improved safety measures, as the German 
inquiry has led to the introduction of in 
structions to pilots concerning takeoff in 
conditions of slush. But the responsibility 
of a pilot for an accident must be estab 
lished with a much greater degree of proba 
bility before his license to practise his pro 
fession is withdrawn 

At the time of this particular accident 
Article 17 (vi) of the Air Navigation Order 
1954) stated that the pilot ommand 
should satisfy himself that the wings and 
control surfaces were free from ice and 
This regulation specifically did 
not mention deposits of snow. While it is 
lear, and indeed admitted, that neither of 
the pilots made a physical inspection of 
the wings and control surfaces of the air 
raft immediately before the final attempt 
to take off, this does not mean that both 
pilots were not themselves satished as t 

condition of the aircraft The Fay 

ymmission finds that Capt hain failed 

comply with the regulations. It is be 
use it is stated in the conclusions of the 
Fay Commission’s report that even if it 
ould be proved bevond doubt that no ice 
had been present on the aircraft, the Com 
mission would still have found that Capt 
Thain had failed to comply with the regula 
tions, that the association accepts the find 
ing of the Commission on this aspect 

The Minister reported to the House of 
Commons that his decision n Capt 
upon the re 


hoar frost 


Thain’s license would depend 
view made by the Fay Commission. Since 
the Fay Commission casts doubts as to the 
validity of the conclusions of the German 
inquiry which conclusions influenced thi 
Minister's attitude toward the renewal of 
the license in the first place t may be 
expected that renewal will not now be im 
peded. However, the Fay Commission re 
port is two-years and cight months subs 
uent to the accident and the conclusions 
f the German inquiry upon which doubt 
now cast have resulted in a grave—albeit 
temporary—injustice to Capt. Thain 
In conclusion, there has been criticism 
that the association has failed to maintain an 
objective position in this matter. It is ap 
parent from the report of the Commission 
that this criticism cannot be upheld and 
that all the facts, even those which argued 
against the case put forward by the associa 
tion, were laid before the Commission, an 
action to which the Commission pays speci 
he tribute 
D. Fottows 
General Secretary 
BALPA 
(Capt. Thain, who was discharged by 
BEA on grounds that he violated regula 
tions by occupying the right seat when 
he was in command, still holds his li 
cense. However, his instrument, type 
and medical ratings have lapsed Ed) 


WHO'S WHERE 


(Continued from page 23) 





Changes 


H. P. Roberts, general manager of the 
newly formed Space Systems Technology 
Group, The Siegler Corp., Los Angeles, 
Calif 

Robert D. Roche, acrospace development 
sales manager, Lockheed Aircraft’s Georgia 
Division, Marietta, Ga 

R. S. Erickson, director-Polaris computer 
program, Control Data Corp., Minneapolis, 
Minn., and E. D. Ziammer, manager-Polaris 
engineering department. Appointed Polaris 
enginecring department supervisors: C. E. 
Pallas, Digital Design Section; T. A. Hauge, 
Analog Design Section; A. O. Hoistad, Me 
chanical Design Scction; P. J. Codute, 
Specifications and Standards Section 

The Martin Co., Baltimore, Md., has 
named Carlos de Moraes as program man 
ager for Martin’s Apollo study contract with 
the National Acronautics and Space Admin 
stration 

Richard L. Shelton, director of opera 
tions, Telecomputing Corp.'s Whittaker 
Gyro Division, Van Nuys, Calif 

Sanders Associates, Nashua, N. H., has 
appointed the following managers in the 
company’s newly established Advanced Sys 
tems Laboratories, Burlington, Mass.: Eth- 
ridge C. Best—advanced weapon systems 
“samme « Russell B. Hawes—opcrations; 
‘enneth Dollinger—advanced development 

Darrell D. DonCarlos, manager of by 
pass engines and rocket sales, Allison Divi 
sion of General Motors Corp., Indianapolis, 
Ind., succeeding Richard L. Coffey, now 
of Allson’s Los Angeles (Calif.) 
zone office 

John L. Heins, director-defense systems, 
Servo Corporation of America, Hicksville, 
N.Y 

Robert E. Bell, district sales manager 
Army programs, General Electric Co.'s 
Heavy Military Electronics Department, 
with offices in Washington, D. C., succeed 
ing H. N. McIntyre, who has been assigned 
to GE’s subsidiary in The Hague, Nether 
lands 

R. M. Maclver, manager, Colorado 
Springs (Colo.) office of the Convair Divi- 
sion of General Dynamics Corp., succeeding 
R. W. Warden, Jr.. now assistant to the 
director of military relations, Convair, San 
Diego Calif 

Avco Corp.'s Research and Advanced De- 
velopment Division, Wilmington, Mass., 
has formed a new undersea projects office 
at New London, Conn., and has named 
Briscoe Chipman as director. 

Dr. George K. Chacko, managet-opera 
tions research, Semiconductor Division, 
Hughes Aircraft Co., Newport Beach, Calif., 
ind Rainer Zuleeg, senior staff physicist 

Space Systems Operations of Ford Motor 
Co.'s Aecronutronics Division, Newport 
Beach, Calif., has appointed the following 
as managers of the Sati Surveillance Pro- 
gram: Leigh A. Brite~space surveillance ac- 
tivity; Dr. William T. Clary—systems engi 
neering; Dr. Gerhard R. Miczaika—surveil- 
lance technology 

Frank G, Willey, manager-infrared  sys- 
tems, Missile Electronics and Controls Di- 
vision, Radio Corporation of America, Bur 
lington, Mass 


manager 
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Opportunities in 
Systems Development 


“ 
- » 


Automating design to 
take out the drudgery 


T uit design was printed by a computer. 


IBM rineers did the creative work, specifying the 
tions desired and the circuits that would do 

t efficiently. The machine then checked this 

After the errors had been corrected, the com- 
termined the proper panel wiring, weighing 

eters as inductive noise, lengths of wires in 


outes, and types of wires. 


z engineers for engineering 
n to printing out the circuit, in the form 
eft, the computer automatically produced 
uments. These included panel wiring data, 
of material, systems pages, summary lists, 
ation charts. Engineers are spared the 
f this tedious work; and documents are 


nd error-free. 


ng this system took the skills and imagination 
f mathematicians and engineers in research, 
nt and manufacturing. It also required the 
spirit of a company eager to maintain its 

p in systems design and development. 


5 in many areas 

be interested in areas other than computer 
ich as the pioneering work IBM is doing in 
ryogenics, or microwaves, or human factors 
{t IBM there are a number of openings 
vorlds of opportunity to those individuals 
t to make important progress on the frontiers 

ind technology. 


ive a degree in engineering, mathematics, or 
e sciences, plus experience in your field, please 
v efly, outlining your qualifications, to: 
Manager of Technical Employment 
IBM Corporation, Dept. 52422 
590 Madison Avenue 
New York 22, N. Y. 


INTERNATIONAL BUSINESS MACHINES CORPORATION 





SEARCHLIGHT SECTION 


EMPLOYMENT OPPORTUNITIES 








FOR SALE 
C-46F AIRCRAFT 


Passenger and Cargo 
With or Without 
T-Category Kit Installed 


Immediate Delivery 


THE FLYING TIGER LINE INC. 
Burbank, Calif. 


Call or Cable 
FRED BENNINGER 
Executive Vice President 


Tel: TRiengle 7-341! Cable: Fiytiger 





PRICED FOR 
IMMEDIATE SALE 
ON MARK 


DOUGLAS A26 


*Low Time P&W CB Engine 
© Reversible Propellers 
* Bendix Radar 
@ Sperry Integrated Flight 
System and Auto Pilot 
* Air Stair Door 
® Beautiful Interior 
@ Excellent Condition 
Inside and Out 
* Spares Include Zero Time 
Completely Builtup Engine 
* Available Immediately 
* Brokers Protected. 
Contact: D. B. McCutcheon 
YOUNGSTOWN SHEET & TUBE CO. 
P. O. Box 295 Vienna, Ohio 
Phone LI 5-2032 








FOR SALE 
SPARE PARTS INVENTORY 
for 
C-46, DC-4, DC-6, 1049H 
Constellation Aircraft 


also 


WRIGHT COMPOUND 
3350-EA-3 Engines 


PRATT & WHITNEY 
R2800 €B16/17 Engines 


THE FLYING TIGER LINE INC. 
BURBANK, CALIF. 

Call or Cable, Doug Duly 

TRiangle 7-3411 Cable 


Tel.: Flytiger 








FOR SALE 
LEASE OR LEASE PURCHASE 


Boeing Model 377 


STRATO CRUISER 


14 AIRCRAFT 
FROM 


575,000” 


Flyawoy 
U. S. Certificated 112 seat configuration, full ever 
seas equipped. Long canes NTSO engines 
Large Inventory of Supporting Aircraft and Engine 


Spare Parts. 

WILLIAM STEINER 
Phone: TOpez 2-9355 ~s GArfield 6-448! 
13010 Ardis Ave. Downey, California 











CONVAIRS 
Airline and Executive 
Several of Beth Available 
Convair Trade-in 
DOUGLAS DC-3 
200 M.P.H. Al2 Autopilot 
Trades Accepted 
DOUGLAS DC-6 
DC-6A DC-68 


Finance or Lease 
Alse Grumman Twin Geech and Leckheeds in Stock 
Contoct 


Frederick 8. Ayer & Associates, inc 
250 Park Avenwe, New York 17, New York 


Career openings for 
WIND TUNNEL MODEL 
DESIGN ENGINEERS 


There are outstanding openings at 
Boeing now for engineers experienced 
in the design of dynamics, high-speed 
force, pressure and heat transfer wind 
tunnel models, Assignments are in 
connection with such advanced proj- 
ects as the Dyna-Soar manned space 
glider and the Minuteman solid-fuel 
ICBM, 


Requirements are a BS degree in any 
appropriate discipline, and three or 
more years of wind tunnel model or 
related experience. 


Positions are in Seattle in the uncon- 
gested evergreen Pacific Northwest, 
famous for mild year-round climate 
and exceptional recreational and 
educational advantages for the whole 


family. 


Write today to Mr. W. B. Evans, 
Boeing Airplane Company, P.O. Box 
3707 - AWA, Seattle 24, Washington 


SSOIEMM 











Excellent Corporate Lodestar Autopilot 
latest modifications. Will trade down to 
well equip late model Aero-Com 
mander or Twin Bonanza. 


LINDEN FLIGHT SERVICE INC 
Linden Airport, Linden, New Jersey 
Hunter 6-8800 Digby 9-3140 (NYC) 








FOR SALE OR LEASE 


june 1956 Beech E-188. like new condition. Fresh 
1000 hour inspection, with zero time engines and 
props. 1000 hours tetal time on aircraft and 
engines. For information write 


FPS-S748, Aviation Week 
Adv. Div., P.O. Box 12, N.Y 











BUSINESS OPPORTUNITY 
Seeking partner Co. for anti submarine war- 


fare research We are in center of ASW 
activity with facilities 
craft & connections 

Taussig. Norfolk 5, Va 


Avionica Inc 1997 


FOR SALE 
SA. This amphibian is converted fer 


use. FS-3404, Aviation 


PRY 
cargo—passenger 
Week. 








ON-MARK A-26 AIRCRAFT 

Bendix Radar, Tip Tanks 

Picture Windows, A-12 Avuto-Pilot 
low Time CB-17 Engines 

$175,000.00 
THE SUPERIOR Ofl COMPANY 
21—International Airport 
Houston 17, Texas Mission 5-3326 











D-18S BEECHCRAFT 
FOR SALE—IMMEDIATELY 


Write, Wire or Call 


H. J. BAILEY 
GPL DIVISION—GENERAL PRECISION, INC 
Pleasantville, N. Y. ROgers 


9- 








SEARCHLIGHT” 
IS 
Opportunity Advertising 


—to help you get what you want—to 
help you sell what you no longer need. 


Take Advantage Of It 


For Every Business Want 
“Think Searchlight First’ 


large long range air- | 











4peEm a8 BOX NO 
| f 


Salesman Pilet 8.8.A. 


| Age 42 
|} rated 





Sales Opportunities with 
COLLINS RADIO COMPANY 


SALES PROMOTION MANAGER 

Excetient opening for an expertenced sales promo. 
tien man with background in electronics or cleo 
trical appliance distribetion 5 te 10 years sales 
promotion experience § reeuired Reaponsibitities 
would inctude sales promotion activity with dis. 
tibuters and desters in Collins Amateur Radic, 
Airborne equipment. Salary open 

GENERAL AVIATION PRODUCT MANAGER 
immediate opening for E. E. graduate with 5 to 10 
years experience in airborne equipment sales and 
engineering. Would be responsible for sales liaison 
with engineering and manufacturing on Collins 
Communication, Navigation and inttrumentation 
Equipment to the general aviation market. Gataried 
Position at administrative 


FLIGHT CONTROL PRODUCT MANAGER 
Immediate opening fo? sales engineer with mini- 
mom of 5 years experience in autematic sitet and 
or fight control equipment. E. E. degree or equiva. 
tent required. Salaried position at administrative 
level 

Send resume to Mr. L. AR. Nuss, Manager Profes 
sional Employment, Collins Radio Company. Cedar 
Rapids. towa 


COLLINS RADIO COMPANY 
CEDAR RAPIDS + DALLAS + BURBANK 














REPLIES TO: Bow No. 
d Ade. Dic. of thie publication 
neareat you 
VEW YORK 46: P. O. Bor 12 
CHICAGO 11: 620 N. Michi 
SAN FRANCISCO 4; 68 


POSITIONS WANTED 
Airtine Executive — Presently ed 
abroad. Over ten years experience Jesires 
position where ability and initiative count. 
Far East or South America preferred, PW- 
734, Aviation Week. 


“ ~~ te offre 


m Ave 
"oul At 





degree accounting 
major engineering background northern Ohio 
location PW-5695, Aviation Week 


Airtine Sout. 20 years experience with mill- 
tary . factory test, and airlines 
ro time 14,600 hours A,T.R. 
multi-engine, DC-4, DC-6, DOC-7. 
Resident N.Y.C. PW-5754, Aviation Week. 
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EMPLOYMENT OPPORTUNITIES 


ELECTRONIC ENGINEERS 














Z 

Central All Cockpit ~ 

Air Attitude Integrated Sight 

Data Reference Instrument Head 
Computer g Displays 





























Electronic System Integration for F-105D 





To integrate the most 
_’” complete electronic 
systems devised for flight 


eee» TURN TO REPUBLIC 


¥ 
Never before have so many advanced electronic sub- solving comple egration problems for the most 
systems and components —many of them specifically sophisticated in aircraft in the world today. 
designed for the F-105D and incorporating new tech- You'll enjoy the ed advantages of working for a com- 
niques on the frontiers of the state of the art — been pany with broa terests in all aspects of upper atmos- 
brought together in a one-man aircraft. This is because phere and space flight. backed by a new $14,000,000 
Republic's revolutionary new fighter-bomber is designed Research Cente 


to be almost fully automatic. EE or Physics e and 5 years experience required 


Integrating these sophisticated, but separately designed, in one or more of the following areas: 
black boxes into one overall, fully compatible electron 


Radar — (Front and Side High Speed Tape Recorders 
Looking) Antenna and Radome design 

Fire Control Systems Data Link 

Flight Contre! Systems Navigation — Doppler and 

If you are capable of system thinking, beyond a spe infrared Systems Inertial 

cialist’s knowledge of one electronics area, you'll find Digital Computer design Communications 

top utilization of your talents at Republic Aviation, Analog Computer design Servomechanisms 


system, operating simultaneously with highest reliability 
— calls for broad electronic competence and top abilities 
in system design and development. 


Write full details of your experience in « 
to Mr. George R. Hickman, Technical Emplo Manager 


STEP UEsssge AVIATWIaonw 


Farmingdale, Long Island, New Yor} 
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EMPLOYMENT OPPORTUNITIES 


LIVE in Southern California! 


GAS TURBINE 
ENGINEERS 


Outstanding openings now 
for qualified 
DESIGN ENGINEERS 
CONTROLS ENGINEERS 
COMBUSTION ENGINEERS 
AEROTHERMO ENGINEERS 


for deve lopment projects 
and 


for production projects 


SOLAR OFFERS PERMANENT 
tivels wr as f 


Vidor 


nian mternat 
balance 


; 


lelightful. This favo 
the finest climate 

' 

mate hed recreational 


th BSME or AE plus 3 or more 
ré referred. Inquire now for 


vanding pro- 


respons! | 1» hions im ou rapidly eX} 
Is Replies 


*! 
, 


grams in gas turbines and airborne contr 


will be kept confidential. Write, giving resume. to 
LOUIS KLEIN, Department E-706, Solar Aircraft 
Company, 2200 Pacific Highway, San Diego 12 


( lifor 





SOLAR 


AIRCRAFT COMPANY 





A sudsidiary of international Harvester Conipany 

















Career openings for 
EXPERIENCED 
DRAFTSMEN 


The continuing growth of advanced 
aircraft projects at the Transport 
Division of Boeing has created a 
number of outstanding career oppor 
tunities for experienced draftemen, 
These are long-range openings that 
provide unusual opportunities for you 


to move ahead in your chosen field 


Requirements include a minimum of 
five years of aircraft experience in 
sheet metal and machined parts 
assembly layout and detail design 
drafting. Non-citizens are eligible. 


These openings are in the Pacidx 
Northwest, an area famous for mild 
year-round climate, fine schools and 
housing, an abundance of recrea 
tional facilities and healthful outdoor 
Western living for the whole family 


Send a resume of your experience 
today, to Mr. John Friars, Boeing 
dirplane Company, P. O. Box 
07 - 9X A, Renton, Washington 


SSOEM iF 








FLIGHT INSTRUCTOR 


Needed By 
UNITED AIR LINES 


We are looking for men who meet the fol 
lowing requirements: Two years of col 
lege: Airline or military transport pilot 
experience; Current ATR and DC4 quali 
fied. Prefer 5000 hours pilot time but will 
consider 3500 hours if well qualified. Age 
28.42. Class I physical. 


Work And Live In Denver 
Write full details of Background to 
EMPLOYMENT OFFICE 
UNITED AIR LINES 
STAPLETON AIRFIELD 
DENVER 7, COLORADO 











CHIEF OF STRUCTURES 


Stress Engineer with dynamics experience 
wanted. Rotary wing background preferred 
To head analysis an test group of ovtogyro 


mfr. Salory excellent 


Wire or write 
UMBAUGH AIRCRAFT CORP 


Hagerstown, Maryland 
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WANTED: 


ENGINEERS 
TO MARRY=- 


THE MANNED BOMBER 
TO THE MISSILE AGE 


Major projects now underway 
at Boeing / Wichita have 
created immediate openings 
for Design, Test, and Re- 
search Engineers in: 


ELECTRICAL & ELECTRONICS 
Countermeasures & 
Communications 
Bombing & Guidance 
Fire Control 
Microwave & Infrared 


AERODYNAMICS 
Stability & Control 
Performance 


STRUCTURES 
Loads & Criteria 
Dynamics 
Stress Analysis 
Weights 


FLIGHT TEST 
Structures 
Aerodynamics 
Electronics 


Get the facts about Boeing / 
Wichita and mid-Kansas 
living...then make your 
own evaluation. 


Please send me complete information about Boeing / Wichita your new “Opportunities Brochure CD2.” 


NAME 





ADDRESS 








| ee eee 








“1 have degree(s) in the following: _.__EEESS 
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EMPLOYMENT OPPORTUNITIES 


O 


New, Important 
Openings at 
Martin for 
WEAPONS 
SYSTEMS 
ENGINEERS 


Expanding missile and space 
programs such as Titan, Apol- 
lo, and Dyna Soar have cre- 
ated a number of immediate 
openings for senior engineers 
and specialists with five or 
more years experience in the 
following fields: 


AERODYNAMICS 
LIQUID ROCKET PROPULSION 
STRUCTURAL DYNAMICS 
STRESS ANALYSIS 
THERMAL ANALYSIS 
GUIDANCE & NAVIGATION 


Also several positions for 
engineers with two or more 
years experience. 


© Work in the environment of 
the leader in missile/space 
technology. 


e Live in beautiful Maryland 
countryside bordering the 
Chesapeake Bay. 


WRITE: Mr. D. C. Parsons, Manager 
Professional Employment 
Dept. 21 
The Martin Company 
Baltimore 3, Maryland 





SEARCHLIGHT SECTION 


Kneineers 
Mathematicians 
Physicists 


THIS IS YOUR PROFESSIONAL APPLICATION 


Immediate 
Dyna Soar and 
Minuteman 
openings 
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Imaginative, technically creative engineers 


and scientists interested in participating 


in the advancement of space-age technologies 


will find unique opportunities at Boeing. 
Such advanced weapon systems at 

Boeing as Minuteman, and the Dyna Soar 
boost-glide vehicle, offer challenging — 
and deeply rewarding — assignments in a 


broad spectrum of professional disciplines. 


FORM...FILL IN AND MAIL TODAY 


There are openings at Boeing, now, in your 
area of interest, and at the level you 
require for satisfaction and advancement. 
We'd like to discuss these assignments 

in the light of your career plans. To 
expedite this discussion, we invite you to 


fill in and mail the professional 


application form at the right. 


SIOVEMR Mr 


AVIATION WEEK, December 12, 1960 


EMPLOYMENT OPPORTUNITIES 








ETURN TO: MR. W. B. EVANS 
\ERO-SPACE DIVISION 
KING AIRPLANE COMPANY 
P.O. BOX 3707 - AWB 
EATTLE 24, WASHINGTON 




















PROF! ‘AL POSITION APPLICATION 

(All re trict confidence) 

Date of 

Name wtipibahianjiat an = 
r MIDOLE (USE NO INITIALS) 


social 


Preset t A 


Eeeees ree, i 
ee | ee ee 
Other Dependents___ 


Entry Date 





ing three questions is “yes,” explain 


et: 
physical defects? 


er been arrested (except traffic and 


r received disability or accident com- 





TURN PAGE => 


163 





EMPLOYMENT OPPORTUNITIES 


HIGHER EDUCATION 


Coll iI Dates Degree 
ap Gs eae Attended and Major 


EMPLOYMENT HISTORY 


m Name and Addres 


"osition & Duties 


REFERENCES. Give full name 


Professional (previous s 


Character (other than relatives or former employers) 


LIST TYPE OF WORK PREFERRED UPON 
EMPLOYMENT: 


Have you ever been cleared for classified military informa- 


tion? __ _. If yes, give date, level and company. 


May we contact vour torme: and present employer prior to 
completion ot employment negotiations? Yes __ No 
If “yes”, I authorize, without liability, the release of all 


employment and personal information 








RETURN TO: MR. W. B. EVANS 
AERO-SPACE DIVISION 
BOEING AIRPLANE COMPANY 
P.O. BOX 3707-AWB 
SEATTLE 24, WASHINGTON 




















Fly casting on Shybhomth River near Seattle 


Matching the career advantages at Boeing are the family living 
advantages of the Pacific Northwest. This uncongested, evergreen 

ts mild year-round climate and ite unexcelled 
recreation facilities. Snow capped ranges, sparkling mountain 
streame lakes forested « amping and park areas are with in minutes 


area ww famous for it 


of Seattl 


Application 
form 
begins 

on 
previous 


page. 


el a 
Sailing on 23-mile Lake Washington in Seattle 


Seattle has the highest per-capita boat ownership in the country 


Lake Washington, above, and other lakes are in the city. Seattle, 
in addition, is located on Puget Sound, which offers hundreds of 
miles of protected salt water for sailing, cruising, fishing. The 
Seattle area is famous, too, for fine modern homes, excellent 


educational and cultural institutions, and healthful outdoor West 


ern living for the whole family. 


SSOEMR Mr 
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Dutch Bilateral 


} } . 
It was with much interest that we 


the article by Mr. L. L. Doty in Aviation 
Weex of Oct. 17 (p. 38), concerning the 
bilateral air agreement between the U.S 
and The Netherlands 

It is stated m article that KLM 
officials in Holland have openly hinted te 
AviaTION Week that Dutch 
from NATO mav be one o 
repercussions resulting from failure to grant 
KLM its desired route 

I would like you to know that th 
ment 
to me by 
no responsible 
Hague or 
pressed, or even implied, anythn 
from the truth 

From the beginning it 
tinues to be the polic 
to support NATO sta 
of fact, the record wil 
Netherlands have been 
of this organization. Thi 


read 


hi 
thus 


withdrawal 


§ +} 


mayor 


statc 
is not correct. It has been confirmed 
management in Holland that 


KLM official eit 


anywhere 


my 


else coul 


pra ra rinic 
The Netherland 


' 
throne to 


again been 

Oueen ot 

from the 

occasion of opening thi 
In order to eliminate 

ings which might 

statement, it w 

rectify this error m hi 

D. J. KoELEMAN 

President 

Manager, U.S 

M. Roya 


C yuld 


since the art 
Coast traffic 
Week, the 
attitu 
become 

It seem 
iS Im Quite 
as much 


thi h Amst 


Am, rough erd: 
—not among PanAm 
atlantix 
much less importance to i 
as the tem timetable can show 
through KLM 
or simply the desire to attract public interest 
to the other routes that « 
for the relative amount of money 
KLM Royal Dutch Airlines, on 
hand, derives the majority of its income, I 
am sure, from its New Amster 
route, as well as the accrual of both pa 
sengers continuing onward from Amsterdam 
to other points cast and the general prestigs 
for itself and The Netherlands. In view of 
these facts, were the U.S. government to 
cancel KLM’s operating rights to New York 
(and Houston, that matter) and also 
advise PanAm to terminate its serv 
Amsterdam, the effect on KLM we 
cataclysmic, but PanAm_ would 


notice the change to its trafic. The 


routes to other t 


P 
routes 
whether 


f n 
Irom 


competition 


mm more reven 


te 


‘am 


for 


166 


Aviation Week welcomes the opinions 
of its readers on the issues raised in the 
magazine's editorial columns. Address 
letters to the Editor, Aviation Week, 
330 W. 42nd St., New York 36, N. Y. 
Try to keep letters under 500 words and 
give a genuine identification. We will 
not print anonymous letters, but names 
of writers will be withheld on request. 
100d of this situation ever materializing is 
rse, nil, but it does demonstrate what 
. be the rather 
ind definitely unfounded KLM ertion 
that the U.S. has little right to | ain on 


or, I might 


ild consider to foolish 


ne mom) 


MASTS 


basis thev might choose to dix 
Lasting 


the assertion asic 
alance 


of trafhe nghts 

ntries can bx 
KLM ap; 
or argument As vour 
therlands claims 


between 


the two conside 


Tc also mppears to 
groun if 
The Ne 

operation to the | 
particular route 
} 


diy unlimuate 
any Dutch ter i 
a written statement 
appears to give the [ 
I Netherland 


pom? 


§ 


involve 


qguating value of the 


nr 
a} px 


nite cphant 
lidn't know 
olf to the 


oper ate from 


isterdam 
tricte 
mvaluable 


hould the U. S.. in eff 
n to gi ymething for nothing, ever 
n the face state hara 
And there is surely nothing odd about th 
reluctance of U.S to leap into the 

oast-Amsterdam 

New York-Amsterdam 
omparison with 
routes—are only mediocre 
Netherlands have 
grounds for argument of West Coast traffic 
that they better 


called insolenc« 
} 


iffairs of ment? 
airline 
market when the 
rom the 
other trans 
If KLM 


any cThamning 


rights, it seems to me had 
emove what 
from their plan of attack for o 


ngnts 


should bi 
taining those 


Bauce HaxtTHausen 
Adelphi Colk tdi 
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SECOR Transponders 


I noticed with interest your article en 
titled “Transit IIIA Planned for Nov. 29 
Launch” (AW Nov. 7, p. 57 

As pointed out to me by a 
persons interested in Cubic’s activities, this 
that the Navy is considering 
the SECOR transponders 
planned for installation in this satellite. This 
irticle has caused some misunderstanding as 
the that the geodetic 
SECOR system was originally considered a 
part of the Transit program. In order to 
lear the air with those intcrested, 
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taser cities and be construed as a 
special deal’’ for anyone I do not think 
C. R. Smith, president of American, would 

permit such a situation to exist 
What I think has happened is 
THCONIC has wunded off, as did one 
the lounge on a trip I made to 
Seattle just recently. He said his boss 
1 member of one of these clubs and could 
even get people removed from a flight. | 
hallenged the statement and the man then 
admitted the had absolutely no proof and 
thought that was what he heard hi 
boss state. Let's get more attention to more 
press of which there are man 
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Here’s why the Resistoflex 
Swaged Fitting is your 
Assurance of Reliability! 


Positive seal: swaged fitting is unaffected 
by variations in tubing wall thickness 
leak-proof sealing is maintained by t 

stored elastic energy of socket and nipple 


w-off proof grip: braid is interlocked 

socket grooves, cushioned by Fluoro- 

T liner—the superior Teflon” tubing. 

ngle stress points are eliminated by 

even distribution of pressure effected by 
cumferential swaging. 


Field production with factory-made de- 
pendability: Resistofiex portable tool 
used for field assembly of lines with 
swaged fittings assures correct depth of 
swage by positive stops, eliminates 
operator error. 
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Resistoflex medium-pressure fitting 


Permanent, locked construction: swag- 


seal cannot be loosened by misapplied ing locks socket and nipple-nut assembly 
in relative position; fitting attachment to 


wrench or by torque imparted to hose 
cannot be loosened by vibration, 


when tightening connecting nut to parent hose ¢ 
assembly. cold flow, or creep. (By cutting off the 


socket, expensive fittings can be salvaged 
*Fluoroflex is a Resistoflex trademark, reg. U.S. Pat. Off. for reuse with complete assurance of 
*Teflon is DuPont's trademark for TFE fluorocarbon resins. specified performance.) 


Tamper-proof design: fitting grip and 


ORIGINAT ROCARBGON HOSE ASSEMBLIES 
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CORPORATION 


COMPONENTS F ERATURE AND CORROSIVE SERVICES 


Plants in Roseland, N. J. «+ Anaheim, Calif. « Dallas, Tex, + Sales Offices in major cities 
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Thirty-five years ago the original Wasp engine, de- 
veloped in 1925 by Pratt & Whitney Aircraft, helped 
to catapult America from third rank to world ie. 
ship in aviation. Today its J-57 and J-75 jet engines 

wer many of this nation’s highest flying and fastest 
coum fighters, and commercial jetliners. Mean- 
while, still newer powerplants, like the XLR-115 
rocket engine, are under development at Pratt & 
Whitney Aircraft’s Florida Research and Develop- 
ment Center. The XLR-115, the nation’s first liquid 
hydrogen rocket engine, will power the Centaur 
space vehicle scheduled for fli he in 1961 and will 
boost multi-ton payloads into high orbits or power 
deep space probes. 

Progress in engine design and performance rep- 
resented by these three engines ft ser saci required 
matching improvements in all component categories 
as well. The Elastic Stop® nuts that were standard 
parts for the early Wasps were constantly supple- 
mented by new designs equal to the special tempera- 


ture, load and environmental conditions demanded 
by this power-plant evolution. 

The Elastic Stop nuts illustrated here are speci- 
fied in several sizes for the assembly of pipe flanges, 
brackets, engine mounts and pump flanges of the 
XLR-115. They are typical of the fasteners designed 
for compatibility with the liquid hydrogen environ- 
ment and unusual very high—very low temperature 
demands of this rocket engine. 

ESNA has consistently accepted a full share of 
the responsibility to investigate and propose solu- 
tions for fastening problems created by the chang- 
ing technology of the engine industry. These efforts 
have helped to establish and maintain ESNA’s po- 
sition as the foremost supplier of self-locking nuts 
specifically designed and produced to the unique re- 
liability requirements of the aircraft engine ialletey, 
Write ESNA for a copy of High Temperature De- 
sign Catalog No. 5918, 


ELASTIC STOP NUT CORPORATION OF AMERICA 
Dept. $56-1225, 2330 Vauxhall Road, Union, N. J. 
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